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An imaginative solution to 
your piping problems 


From Missile Research... 
A new product for process piping 


@ Twice as strong as steel 

@ 1/4 the weight of steel 
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which attack stainless steel 
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or weekly well supervision. 

Corban is available in both liquid and stick form in a number 
of formulas. Each formula is designed to give the best results in 
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Put 10 to 20 parts of this amazingly potent inhibitor in a million 
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maintenance, assures full flow capacity, keeps power costs at a 
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This Month in Corrosion Control . . . 


UNDERGROUND EQUIPMENT at gasoline service 
stations can and should be protected against corrosion 
damage. Useful economic and cathodic protection de- 
sign information is given in an article beginning on 


Page 9. 


ELEGTROLYSIS SWITCHES used to drain stray 
currents from telephone cables to traction system nega- 
tive bus are damaged when power to the traction system 
is suddenly interrupted. Germanium diodes connected 
across the coil and the series resistance for a half volt 
scale on the meter will prevent this damage. Turn to 


Page 16, 


CHEMICAL CLEANING, using inhibited hydrochloric 
acid, should be done by professional-type contract 
rather than on a low bid basis because of the safety 
and corrosion hazards inherent in the method. See an 
exposition of this problem from the contractor’s view- 
point, beginning on Page 18. 


COAL BURNING PISTON ENGINES suffer from 
contamination of the lubricating oil by coal dust, tests 
reported in an article beginning on Page 28 show. 


COOLING WATERS IN CITIES pick up sulfur from 
contaminated air in sufficient quantity to corrode heat 
exchanger equipment if they are not properly inhibited. 
Asummary of the situation in eight eastern U. S. cities 
begins on Page 79. 


INHIBITORS FOR COOLING WATER should be 
applied at high concentrations initially to produce a 
protective film quickly. This film can be maintained at 
substantially lower dosage levels using continuous treat- 
ment. More details on this method are given in an 
article beginning on Page 81. 


PETROLEUM REFINERY crude oil distillation units 
suffer less corrosion damage than estimates have indi- 
cated. An extensive study into the economics of refinery 
Corrosion is presented on Page 87. 


WATER TREATMENT PLANTS can be successfully 
and economically protected from excessive corrosion by 
cathodic protection. Details of six years of operating 
experience are given on Page 95. 


CORROSION, October, 1960 


ZINC ANODES should be used more commonly to 
protect ships, an article beginning on Page 99 recom- 
mends. Results of trials up to three years’ duration 
using ASTM Special High Grade zinc anodes are 


revealed. 


CHROMIUM PLATING to prevent stress corrosion 
cracking of AISI 410 steel in 300 F water gave anoma- 
lous results. Some of the reasons for these results and 
reports on tests pointing to other possible dangers from 
using chromium plate are given in an article beginning 
on Page 105. 


DIETHANOLAMINE used in refineries to remove 
hydrogen sulfide from refinery gases can cause severe 
corrosion damage. Experience with an operating unit 
is given in detail beginning on Page 111. 


UNSYMMETRICAL DIMETHYLHYDRAZINE 
rocket fuels, which have been adopted as a substitute 
for fuels currently used in high performance rockets, 
are rated against numerous metallic and non-metallic 
materials. Turn to Page 115. 


WROUGHT IRON exposed in fresh and salt water 
at the Panama Canal corrodes at about the same rate 
as mild steel initially, but after eight years the steel 
shows significantly greater weight loss. Results of long 
term tests of wrought iron are given in an article be- 
ginning on Page 120. 


INTERGRANULAR STRESS CORROSION crack- 
ing of alpha aluminum bronze can be reduced by addi- 
tions of alloys as indicated by application of equilibrium 
grain boundary segregation principles. Turn to Page 
127 for a report on an effort to predict the effect of 
alloy additions to prevent stress corrosion cracking. 


WATER SIDE CORROSION under heat flux condi- 
tions involving high process side temperatures is inter- 
estingly explored in an article beginning on Page 131. 
Chromates reduce the amount of deposited scale. 


INTERCRYSTALLINE CORROSION of chromium- 
nickel steels depends on the amount of precipitated 
chromium carbide and on the redox potential of the 
corrodent, it was concluded after a series of tests re- 
ported in an article beginning on Page 138. 
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The “Cost of Corrosion” Problem 


UMEROUS requests from a wide variety 

of sources come to the National Associa- 
tion of Corrosion Engineers concerning the cost 
of corrosion. Most of these requests ask for data 
of minute specificity, for example, “How many 
dollars were spent for paints to protect struc- 
tural steel from atmospheric corrosion last year?” 
or, “How many gallons of paint were applied 
in 1959 by spray gun to prevent corrosion inside 
chemical plants in New Jersey?” 

These and other equally specific questions are 
designed to get data analogous to that which 
would be obtained if the following were asked 
of an appropriate source: “How many boxes of 
oranges were shipped east from Pomona County 
in 1960?” On the surface, perhaps, it seems no 
more difficult to answer the question about 
oranges than to answer the one about paint in 
New Jersey. 

NACE is unable to answer these specific 
questions, nor does it know of any source that 
can. There is even some doubt that questions 
about dollar consumption of corrosion control 
items ever can be answered accurately. This is 
not because efforts have not been made by NACE 
and others to get the answers. The difficulty 
stems from the complexity of the corrosion prob- 
lem, which involves itself intimately in other 
maintenance and housekeeping activities. 


There is also the problem involved in the 
ambiguity of the corrosion factor applied to 
materials and environment. For example, every- 
one concedes that stainless steel valves are sold 
most often because of their corrosion-resistant 
characteristics. Those conversant with corrosion 
reactions know also that many low-cost cast 
iron valves are used to handle corrosive sub- 
stances efficiently. If one learns how many stain- 
less steel valves were bought in the Q-product 
industry in 1959, are the data relevant if the 


same industry also bought many cast iron valves 


to handle both corrosive and non-corrosive 
materials? How many valves did the industry 


buy for corrosion-control purposes? 


Or, take another area of interest. Inhibitors 
of one kind or another are used in most petro- 
leum refineries. Most use several kinds, often in 
different parts of their plants and for different 
reasons. One group of chemicals helps limit cor- 
rosion caused by the oil itself; another group 
is used to reduce corrosion by water. Some act 
with both. Assume that one could get the exact 
kind, quantity and cost of all inhibitors used by 
one refinery and relate it to output. In other 
words, the complete story on inhibitors for one 
refinery. Can these data then be applied to 
another refinery 10 miles or 10 states away? Or, 


all refineries in the United States? 


Few corrosion engineers will agree that this is 
possible. Another refinery not only may use dif- 
ferent inhibitors, in different quantities, but the 
types and quantities of inhibitors used will vary 
from time to time to match changed crude input 
or modification of the types of refined products 


produced. 


Examples of this kind could be repeated almost 
endlessly. That these are facts is no consolation 
to the market investigator who needs to come up 
with some kind of an estimate on what his com- 
pany can expect to sell. NACE is sympathetic 
to this need and wishes it could do more than it 


does to answer the questions fully. 


It is to be hoped that in the future more 
companies will adopt the policy of separating 
corrosion damage, control and replacement costs 
from obsolescence and maintenance accounts 
where most corrosion-connected items are to be 
found now. Such a change would give a truer 
picture of corrosion problems and put corrosion 
control programs in the proper perspective versus 


other cost items of operation. 
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the epoxy that’s really right 


For some time, epoxy has been a magic word in the protective coat- 
ing field. A rash of epoxy based coatings have been making their 
appearance on the market. 


During all this, Dearborn research quietly continued . . . to experi- 
ment ...to check... to discard... to start all over again. The 


result? Dearclad® 765—the epoxy that’s really right! 


Dearclad 765 shows extraordinary resistance to impact, abrasion and 
chemical attack . . . has a rapid curing rate . . . is effective through 
temperature ranges from —40 to 250 F plus . . . has positive storage 
stability ...no sag. ..no cold flow. Applicable by brush, roller or 
spray. No other product on the market combines all the desirable prop- 
erties of Dearclad. 


So, if you have been disappointed in ordinary epoxy coatings, try 
this scientifically blended, two-component product based on amine 


cured resins and a minimum of selected tars. Write today for Tech- 
nical Bulletin GJ 3265.1 giving use and application details. 


DEARBORN CHEMICAL COMPANY 


General Offices: Merchandise Mart, Chicago 54 * Dallas * Des Plaines, Ill. « Ft. Wayne * Honolulu 
Linden, N. J. * Los Angeles * Nashville « Omaha « Pittsburgh » Toronto * Havana * Buenos Aires 
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Abstract 

Explains economic importance of control- 
ling corrosion of service station under- 
ground equipment. Describes methods of 
determining corrosion probabilities, lists 
coatings suggested for service station use 
ind explains importance of soil resistivity. 
Shows how current requirements are de- 
termined for cathodic protection of under- 
ground storage tanks. Describes protection 
by sacrificial anodes and by rectifiers. Also 
gives tabular data on economics of ca- 
thodic protection. Illustrations show typi- 
cal installations. Graphs give information 
for determining hace currents required. 
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> LOSSES annually in 
the petroleum industry are esti- 
mated at over 300 million dollars, and 
alarge portion of this corrosion loss is 
paid by the service station owner or op- 
erator, Consequently, recognition and 
prevention of corrosion on service 

station equipment is economically im- 
portant. 

Several possible methods of prevent- 
ig corrosion of service station equip- 
ment could be used, but the combina- 
ion of cathodic protection and coatings 
lave proved to be the most effective and 
economical for underground corrosion. 


Determining Corrosion Probabilities 


Because corrosion preventive meas- 
es should not be taken unless they 
‘re economical, the probability of seri- 
ls corrosion damage should be deter- 
mined. Most underground corrosion is 
llé to corrosive action of soils, stray 
utrents and/or bi-metallic couples.’ 

\ When a new service station is to be 
wilt, soil resistivity, change in resistiv- 
yand make up of the soil in which 
<asoline storage tanks are to be buried 
‘ill give an index to the amount of cor- 
ston than can be expected. Soil re- 
‘stivity can be determined by instru- 
Revision of a paper titled “Corrosion and Its 
~evention in Service Station Underground 
“iuipment” presented at a meeting of the 
“ouston Section, National Association of Cor- 
Tosion Engineers, September 8, 1859, Hous- 
ton, Texas, 


Cathodic Protection 


Used to Control Corrosion 


of 
SERVICE STATION 


UNDERGROUND EQUIPMENT* 


M. J. Olive 


Arkansas Fuel Oil Corporation 
Shreveport, Louisiana 


ments? used on the building site or by 
soil samples for checking in a central 
laboratory. 

Soil resistances are measured in ohms 
per cubic centimeter. If soil resistivity 
is below 3000 ohms, corrosion can be 
expected and protective measures should 
be applied. If soil resistance is below 
1000 ohms, protection is necessary if 
continued service of the tank or under- 
ground structure is desired. If the re- 
sistivity is above 5000 ohms, corrosion 
damage would be slight and uneconom- 
ical to prevent. 

If the soil being checked contains 
cinders or debris from construction such 
as metal cans, scrap metal, etc., cor- 
rosion can be expected regardless of 
the soil’s resistivity because debris and 
cinders cause localized corrosion cells 
when in contact with the buried tank. 
Such debris should be eliminated dur- 
ing construction backfilling operations 
when possible. 

Analysis of the probability of corro- 
sion damage is dependent on the num- 
ber of soil tests taken: the greater num- 
ber of tests, the more accurate the 


9 


analysis. Tests should be made at the 
lowest depth which tanks will be buried 
and at about the middle of the tanks. 
Experience has shown that changes in 
soil resistivity from the top of the 
tank to its middle affect the corrosion 
rate considerably. 

Sand cannot be relied upon as a pro- 
tective measure when used for back- 
fill. Sand adsorbs ions from the sur- 
rounding soil and will become as the 
parent soil. Sand does help minimize 
corrosion but will not prevent it for 
any great length of time. 


Coatings for Service Station Uses 

Hundreds of coatings are available 
for protecting buried steel from cor- 
rosion.*® Economics and application 
problems limit these coatings to six 
basic types for service station use: (1) 
hot applied pipeline coatings, (2) cold 
applied mastic coatings, (3) plastic 
tapes, (4) thin film plastics, (5) solvent 
or heat applied enamel pipeline tapes 
and (6) solvent or hot dipped asphalt 
or cold tar coatings. 

(Continued on Page 10) 
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(Continued From Page 9) 

In corrosive conditions, coatings 
should not be used alone for protection. 
Breaks or holidays in the coating will 
occur during application of the coating 
or installation of the tank. Corrosion 
will be concentrated at these small hol- 
idays, resulting in quicker penetrations 
and failures than with uncoated tanks. 
Because service station tanks normally 
are ordered long before soil conditions 
are known at the building site, tanks 
should be coated before installation and 
further protected cathodically. 

Cold applied mastic coatings have 
proved to be the most economical type 
coating for underground storage tanks. 
This mastic can be brushed or sprayed 
over a surface that has been degreased 
and wire brushed. This mastic can be 
purchased in a formulation that is in- 
soluble in hydrocarbons and that can 
be patched on the job site. 


TABLE 1—Maximum Allowable Current 
Output From Galvanic Anodes (Milli- 
amperes per Pound of Anode) 


Useful Life of Anode 


Type Anode 10 Years | 15 Years 


Magnesium 5. 
Zinc 3. 
Aluminum a 


NOTE: Above figures based on anode efficiencies 
of 50% for magnesium, 90% for zine and 


2707 


9% tor aluminum. These figures can be 
applied to any weight anode to deter- 
mine its maximum output for any de- 
sired life. For example, a 17-pound mag- 
nesium anode would have 3.8 x 17 or 
approximately 65 milliamperes maxi- 
mum output for 15 years’ life. 


90% cut in operating and 
maintenance cost means 


CASH 


in the 


BANK 


for you! 


New, 
| transistorized 


M-SCOPE 
PIPE 
FINDER 
only 


$189.50 


Rugged, transistorized construction prac- 
tically eliminates maintenance costs .. . 
extends battery life to a year or more. 
Pinpoint accuracy, greatest depth pene- 
tration make the M-scope first choice in 


the field! 


Heavy Duty LEAK DETECTOR $295.00 
Send for FREE 1960 Catalog 


ISHER 


Research Laboratory, 
Inc. 
Dept. CO-3, Palo Alto, Calif. 


Heat or solvent tapes when applied 
give a heavy thick layer of coating 
with glass reinforcement. These types 
cost more than the mastic coatings 
because of greater application costs. 

Plastic tapes have the disadvantage of 
being easily damaged and lose their 
bond if gasoline contacts the adhesive. 

Thin film plastics show excellent 
properties but generally require sand- 
blasted or shot blasted surfaces for 
application—thus increasing the cost to 
a point making such protection uneco- 
nomical for service station use. Coal tar 
epoxy shows good promise if costs can 
be lowered. 


Use of High Resistance Soil 

Where fills are required, use of high 
resistant is an effective method of 
reducing the possibility of underground 
corrosion on service station equipment. 
Sandy loam, which is generally avail- 
able, is a high resistant soil. Fills should 
not contain debris or junk which would 
add to the problem. 


Cathodic Protection Method 
Impressed currents and _ sacrificial 
anodes are used to apply cathodic pro- 
tection to underground structures such 
as storage tanks for corrosion con- 


soil 


corr¢ SKC on 


ENGINEERS 


trol."”* Protective current must be 
plied to the structure being protec 
in an amount sufficient to prevent eam 
rent flow from any point on the stra! 
ture’s surface into the soil. This curr 
has been recommended to be a a 
mum of 0.85 volts negative to a co Ps 
oe — sulfate half cel} ; 
the immediate proximity 
structure.” y 


Determining Current Required 


The essentials in designing a cathodie | 


protection system for service Station 
equipment are to determine the pro- 
tective current required, source of cy. 
rent and the electrolyte through which 
the current must pass. 

Current amount depends on size of 
the underground structure, the coating 
and the soil resistivity. A test can be 


made to determine the amount of direst 
current required to raise the structure | 


to negative 0.85 volts potential. Thig 


test consists of installing a current dis- 
charge point (usually a steel rod sunk 
in the earth) approximately in the lo} 
i permanent. 
anodes. The amount of direct current 


cation of any _ possible 
from an internal source such as a weld 
ing machine, battery charger or batter. 
ies is increased until the potential of 


TABLE 2—Resistance to Earth of Galvanic Anodes in Soil of 1000 Ohms per Cubic 


Anodes 


1” x 20” Magnesium Anode in Suitable Backfill. 
4” x 5’ Magnesium Anode in Suitable Backfill. 
16” x 3” x 3’ Zine Anode in Suitable Backfill. . . 
14” x 3” x 5’ Zine Anode in Suitable Backfill. 


4” x 20” Magnesium Anodes Stacked 2 Deep Vertically 

4” x 20” Magnesium Anodes Stacked 3 Deep Vertically 
6" x 3” x 3’ Zinc Anodes Stacked 2 Deep Vertically. . 
6" x 3” x 3’ Zinc Anodes Stacked 3 Deep Vertically. 


Centimeter 


Ohms 


oe 


Notes: 


The above values will vary somewhat depending on the size of the auger holes used, amount of backfill 
above and below the anodes, type of backfill, and spacing between anodes (in the case of vertical stacks of 


anodes). 


Resistance of any of the above anodes in soils having resistivity other than 1000 ohms per cubic centimeter 
may be obtained by direct proportion: i.e., a 4” x 20” magnesium anode in 1,350 ohms/cc soil would have 


5.5 x 1.35 or 7.4 ohms resistance. 


FOCUS ON PLASTICS 
in 
PROCESS EQUIPMENT 


Five interesting discussions of 
of plastic applications for process 
equipment will be published in the 
Technical Topics Section of the 
November CORROSION. 


COKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has a high carbon 
content and comes in sizes of Ye-inch x 0 to % x 
Ym inch. In bulk or sacks. Prices on other sizes on 
request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


issue of 


P. O. Box 94 Mt. Olive, Ala. 


the structure reaches —0.85 volts. The 
amount of current required to obtain 
the —0.85 potential then is used in 
designing a cathodic protection system 
for the structure. : 
Current required also can be esti 
mated rather close by calculating the 
net area of the structure to be pro- 
tected (subtracting estimated coated 
area from total tank area) and mult 
plying by 3 milliamperes per foot. This 
will give an estimated current in mill- 
amperes needed for controlling corro- 
sion on that specific tank. This method 
is particularly accurate when field e 
perience shows the amount of coverage 
expected to be protected by the tank 
coatings. 
Soil resistivity not only determines 
the probabilities of corrosion occurring 
on underground tanks but also deter- 
mines the amount of current from sac 
rificial anodes and the groundbed resist: 
ance of impressed current anodes. Soil 
resistivity is a big factor in the eco 
nomics of controlling corrosion: the 
higher the resistivity the more expens 
required for cathodic protection. 


Protection by Sacrificial Anodes 


Zine and magnesium are the two Mm 
terials most generally used for under- 
ground sacrificial anodes. Aluminum 
anodes also are used. Magnesium has 
a solution potential of —1.55 volts com 
pared to a —1.1 for zinc. Theretoré, ™ 
low resistivity soils (1000 ohms Pt 

(Continued on Page 12) 





Pper- 4} 


orrosi 


FE 


Where 


ALTON, 1 
Alton: Ho 
St. Louis: 


BALTIMO| 
Orleans 5 


BIRMING| 
Fairfax 2. 
80STON 

Liberty 2. 
CHICAGO 
Chicago: | 
Whiting: \ 

































Vol. 5 


lust be 
Protected 
event cup. 
the Struc. 
his Current 
ea mini. | 
a copper | 
If cell ig 
y of thes 


quired 

a cathodic 5 , ‘ - 

ce station . oe : Pa / 
the pro- ’ ¥ : Ls 

ce of cur 


Ft 
ugh which ANE 


4 
oN size of : 
he. coating 
‘st can be 
t of direct 
Structures 
tial. This: 
irrent dig.” 
Tod sunk 
in the lo- 
‘rmanent 
ct current 
as a weld. 
or batter 
tential of 


per Cubic 








orrosion control positive: 


of backfill 
al stacks of 


FEDERATED GALVANIC ANODES 


and other non-ferrous protective materials 


centimeter 
would have 


volts. The 
to obtair 
used in 


yn systert 


> 


FEDERATED METALS DIVISION 


Federated galvanic anodes, specially designed to protect pipe- 
lines and other buried structures, are just one of the wide range 
of Federated materials to control corrosion. Federated’s Corro- 
sion Advisory Service can recommend the best for you . . . mag- 
nesium or zinc anodes; lead sheet, pipe, and fittings; zinc and 
zinc alloys for galvanizing; copper and aluminum alloys; and 
plating materials that include nickel, copper, lead, cadmium, zinc 
and silver anodes, nickel salts and addition agents for plating 
baths. For complete data, write or call—Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broadway, 
New York 5, N. Y. or a nearby Federated sales office. 
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cubic centimeter), zinc can be used; in 
higher resistivity soils, magnesium. 

After the amount of current required 
is determined and the parent soil resist- 
ivity is measured, anode resistance can 
be calculated from Figure 1 and Tables 
1, 2 and 3. By using the formula 


where I is current, E is potential and 
R resistance, the amount of current out- 
put from a single anode or group of 
anodes can be calculated. By comparing 
the current required for cathodic pro- 
tection with the output current of var- 
ious groupings of anodes, the correct 
number of anodes can be determined. 
The cathodic protection system can be 
designed for any desired anode life from 
the data in Table 1. 

Anodes are installed around the stor- 
age tanks and connected to each tank 
by a metallic conductor as shown by 
a typical installation in Figure 2. Some 
types of anodes and typical installation 
are shown in Figure 

Sacrificial anodes must have suitable 
backfill around the anode to insure 
steady and unform current discharge. 
This backfill serves to isolate the anode 
chemically and acts as a means of trans- 
mitting current to the surrounding soil, 
thus reducing the contact resistance be- 
tween anode soil. Backfill normally rec- 
ommended consists of 75 percent gyp- 
sum, 20 percent bentonite and 5 per- 
cent sodium sulfate. 


Protection by Rectifiers 
The same principles and calculations 


used for sacrificial anodes can be used 


New "Protecto-Stack” 
SILICON RECTIFIERS 


NOW 


GUARANTEED 
for j 
. ONE YEAR / 


See Your Representative 


for determining cathodic protection of 
underground structures by rectifiers and 
graphite groundbeds. If the current re- 
quirements are high, rectifiers may be 
needed or may be more economical than 
sacrificial anodes.” 

Rectifiers convert alternating current 
to direct current so that larger amounts 
of current can be used for protection 
than can be supplied by anodes. Recti- 
fiers also permit variable voltages for 
fiexible adjustment of current output 
from the groundbeds. Another advan- 
tage is that additional voltage can be 
applied by changing the steps in the 
transformer as required by dry weather 
or any increase in circuit resistance. 

An easy method of checking the cath- 
odic protection system’s performance is 
provided in a voltmeter and ammeter 
installed inside the rectifier unit, as 
shown in Figure 4. 

A typical rectifier system for cathodic 
protection of service station tanks is 
shown in Figure 5, consisting of recti- 
fier, graphite-coke groundbed and cable 
connections. Rectifier and groundbed 
sizes are determined by the current 
requirement and_ soil resistivity. The 
graph given in Figure 6 can be used 
to determine the groundbed resistance 
of various anode groupings at any soil 
resistivity. 

The groundbed anode consists of a 
graphite rod usually 3 inches in diam- 
eter by 60 inches long, surrounded by 
a prepared coke backfill. After a hole 
is augered from 8 to 12 inches in diam- 


(Continued on Page 14) 
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GROUND BED RESISTANCE, OHMS 


1000 1$00 2000 

SOIL RESISTiviTy, OHM-CM 
Figure 1—Design curves for vertical magnesium 
anodes, By reading opposite the soil resistivity 
on the above curves, groundbed resistance of a 
single magnesium anode or group of anodes 
can be determined. Current output can be 
calculated by the formula E—E.—RI in 
which E is the solution potential, E. is the 
cathodic protection potential, R is groundbed 
resistance and | is current from the anodes. 
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Figure 2—Typical magnesium anode installa. | 
tion for service station tanks. 4 


Technical Papers to 
Be Published in 
November 


Corrosion of Tube Materials by Boiler 
Sludge, by E. Howells, T. A. McNary and 
D. E. White 


Corrosion Problems in the Use of Salt 
Solutions as Packer Fluids, by C. M. 
Hudgins, W. D. Greathouse and J. E. 
Landers 


Some Factors Governing the Corrosion Test- 
ing of Zircaloy Base Fuel Alloys, by 
Stanley Kass and R. F. Gessner 


Selective Corrosion of Inconel, by F. Kern 
and R. Bakish 


Stress Corrosion Cracking of High Strength 
Tubular Goods, by R. S. Ladley 


Stress Corrosion Cracking in Concentrated 
Sodium Nitrate Solutions, by R. 
McGlasson, W. D. Greathouse and C. M. 
Hudgins 

Corrosion, by 


High Temperature Furnace 


R. D. Merrick 


Cracking of Low Carbon Stee! by Ferric 
Chloride Solutions, by Mary Boehm Strauss 
and M. C. Bloom 


Things New or Unusual in Mitigation of 
Corrosion in the Utilities Field, by E. H. 
Thalmann 


TABLE 3—Paralleling Factors for Galvanic Anodes 


Notes: 
The effective lengths cover individual anodes of various lengths in backfill as well as two or more anodes 


stacked vertically in suitable backfill. 


This table is used in conjunction with anode resistance table. For example, a 4” x 5’ magnesium anode 


will have about 3.0 ohms resistance in 1000 


ohms per cc soil while its effective length in suitable backfill may 


be 6’. Eight such anodes in parallel in 1000 ohms/cc soil would then have a combined resistance of: 
: aes) x 1.55 Factor of .68 Ohms at 10’ Spacing or 
aes x 1.38 Factor of .62 Ohms at 15’ Spacing. 





ANODE Wikg | 
SOND wing 


200 Ohus © 


1-1 =5 "Ce 


® 


Solves your corrosion and product 
contamination problems 


THE INDUSTRY'S most complete selection of coatings 
including epoxies, polyurethanes, teflons, pentons, 
plastisols and many specialized formulas is offered 
by Tube-Kote, Inc. Modern facilities, painstaking work- 
manship, and years of experience combine to make 
each Tube-Kote application superior in every way. 
Applications may be made in the Tube-Kote 
y foe * : plant (recommended in most cases) where full labora- 
tory control may be exercised, or may be made by 
Tube-Kote technicians in the field using portable 
application and curing equipment. In some instances 
the coatings may be supplied in bulk for application 
A 6-inch flow meter lined A 72-inch die cast aluminum by your own crews using ordinary equipment. 
tale's unique process Kote to resist corrosive vapors You can count on a Tube-Kote coating to meet 
even the most critical demands of your industry. 
Tube-Kote research is constantly testing new materials 
for your more specialized uses. 
Discuss your particular coating requirements with 
a Tube-Kote representative. 


“a FIRST NAME 
IN CORROSION RESISTANCE 


Branch Plants: Harvey, Louisiana and Midland, Texas service mark res. u.s. rato. P. 0, BOX 20037 + HOUSTON 5, TEXAS 
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(Continued From Page 12) 
eter, the anode is placed in the center 
of the hole and coke packed around 
the anode, as shown in Figure 7. The 
coke gives a lower contact resistance 
and allows gas to escape from around 
the anode. The number of anodes in- 
stalled is determined by how much cur- 
rent is being discharged and the 
groundbed resistance needed. 


guywiiilii itty 


Economics of Cathodic Protection 

One major service station operator 
has used cathodic protection on 80 sta- 
tions at a cost of $19,500 at an average 
cost of $244 per station. The average 
station had three 3000-gallon tanks 
which were coated with a cold applied 
mastic or a coal tar paint. All tanks 
were protected by magnesium anodes 
except one. Records indicated that an former regulates the voltage so that current 
average tank would last 12 years or output can be regulated 
less without protection from corrosion. , §, Tent 
Some tanks lasted only one tO *tWO ‘SSSSTR????_}(°®°®"®=———— Pract 
years in severe conditions. By extend- References Tait 
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hole. (Continued on Next Page) 


Figure 4—Typical rectifier mounted at rear of 
a service station. Instruments indicate Voltage 
and amperage of the unit which indicate steady Figure. 
operation of the unit. A variable step trans. 
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Figure 5—Typical rectifier and graphite anode installation for cathodic protection of service 
station underground equipment. 
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1) Resistivity Ohm-cm3 
Figure 6—Design curves for vertical carbon 
anodes, Graph above can be used to determine 
gtoundbed resistance of various anode group- 
ings at any soil resistivity. Station operator can 
determine number of anodes required to obtain 

current desired from any rectifier voltage. 
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Figure 7—Top photograph shows a 3-inch by 
60-inch graphite ground anode being installed 
in a 12-inch diameter hole. A special coke 
backfill (lower photograph) is required for this 
type installation. The coke is packed around 
each ground anode about 12 to 24 inches 
above the anode’s top and about 6 to 8 inches 
below its bottom. This gives a larger effective 
anode and insures longer life of the graphite 
core. 


Cathodic Protectian 
Symposium 
Scheduled for January 


Three Technical articles on 
methods and experience in 
underground cathodic pro- 
tection are scheduled for 
publication in the January 
issue’s Technical Section. 


Life of | Cost of Tank 
Tanks Pro- | Replacement 
tected Yrs. 3 | per Station 4| Savings 5 

$3 4,045.40 
7,649.70 
2,022.70 

61,426.10 
31,254.00 


2,300.00 
2,300.00 
2,300.00 
2,300.00 
2,300.00 
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11,581.69 


"$130,002.20 





Notes: 


Preceding state. 


Travel expenses are computed on a 200 mi. average travel. In other than adjoining states, it is assumed, as has been the case, that a station was protected in the 


In the past, this figure has been considerably lower on corrosive stations. The heavier gauge steel in use today would give a longer life, but this figure is considered 


a Maximum. 


N some cases, a replacement of anodes at the original cost, would be required to attain this life. In all cases, by replacement of anodes, almost any desired tank 


ite can be attained. 


= Is an estimated cost based on current installation costs. E a 
lese savings are based on the assumption that 80% of the stations protected would have required at least one tank replacement during the 25 year life of the 


Station 
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Figure 1—Meter protection circuit. Germanium 
diode was connected across the coil and the 
series resistance to protect the meter’s one-volt 
and higher scales. When current surge was re- 
versed, the diode conducted and its resistance 
became about 200 ohms, limiting the current 
through the element to a safe value. 


Abstract 
Describes use of germanium diodes to 
protect meters and electrolysis drainage 
switches from current surges resulting 
from power interruptions at railway sub- 
stations. Also explains circuitry used to 
eliminate damage to polar relay magnets 
in electrolysis switches. 7.7 
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Figure 2—Surge protection for polar relay magnets. Arrow indicates the protective diode wired in 
parallel to protect the relay magnets. Two diodes were used, one for each polarity, 


Experimental Circuits Stop 
Electrolysis Switch Damage* 


L. L. Swan 


Illinois Bell Telephone Company 
Chicago, Illinois 


LECTRONIC COMPONENTS in 
4corrosion control equipment have 
been damaged by high voltage currents 
resulting from normal switching on a 
power system. This article describes a 
case history in which electrolysis 
switches were being destroyed by tran- 
sient currents. 

Electrolysis switches are used by 
Illinois Bell Telephone to drain stray 
currents from its telephone cables back 
to the negative bus of traction power 
systems when the substations are op- 
erating. The switches open this circuit 
to prevent current from flowing back to 
the telephone cables when the substa- 
tion is shutdown. 


Damage to Test Meters 

These switches also are used to drain 
current from the cable to the traction 
rail at points on the cable being attacked 
by stray currents. At an_ installation 
such as this, a meter being used for test 
readings was seriously damaged by a 
high voltage negative current when the 
subway power was suddenly interrupted. 

To solve this problem, a germanium 
diode was connected across the coil and 
the series resistance for the half volt 
scale on the meter as shown in Figure 1. 
With the diode in the circuit, the meter 
element was protected on the one volt 
or higher scales. Readings were made of 
ie Extracted from a paper titled ‘Protection of 
Corrosion Equipment From Damage by Transient 
Currents’ presented at a meeting of the 16th 


Annual Conference, National Association of Cor- 
rosion Engineers, Dallas, Texas, March 14-18, 1960. 


low positive potential with little error 
because the diode had a resistance of 
about 10 megohms. When a current re- 
versa! occurred, the diode conducted and 
its resistance became about 200 ohms. 
This limited the current through the 
element to a safe value. The deflection 
seldom was more than half scale before 
the current surge was dissipated. 


Technical Papers to 
Be Published in 
December 


Effect of Various Curing Agents on Chemi- 
cal Resistance of Epoxy Resins, by Ronald 
L. DeHoff 


Internal Carburization and Oxidation of 
Nickel-Chromium Alloys in Carbon Monox- 
ide, by B. E. Hopkinson and H. R. 
Copson 


Ship Coating of Structural Steel, by John D. 
Keane and Joseph Bigos 


Impressed Current Anodes for 
Protection, by Walter P. Noser 


Cathodic 


High Temperature Corrosion in Refinery and 
Petrochemical Service, by E. N. Skinner, 
J. F. Mason and J. J. Moran 


Inhibition of Corrosion of Commercial Alu- 
minum Alkaline Solutions, by J. Sundara- 
jan and T. L. Rama Char 


Damage to Polar Relay Magnets Solved 

Successful protection of the meter 
circuit suggested the idea that high 
negative current surges might effect the 
magnets used for biasing the polar 
relays in the electrolysis drainage 
switches. In some locations, these relays 
had required frequent adjustment and 
sometimes replacement in less than a 
year of service. 

To check this effect, experiments were 
set up, using a surge of 150 volts across 
the relay control circuit of a drainage 
switch. Current over three amperes 
flowed momentarily in the polar relay 
winding which resulted in changing the 
operate and release currents even in the 
new alnico type relay. 

For greater protection than that ob- 
tained with germanium diodes, experi- 
ments were made using copper oxide 
rectifiers. Such a rectifier with a voltage 
drop of 0.8 volts at three emperes was 
connected in parallel with the relay. 
Current in the relay winding was 
limited to 80 milliamperes. This value 
(called the reverse “soak” current) 1s 
used in adjusting these polar relays 
before putting them in service. The cir- 
cuit is shown in Figure 2. The arrow 
indicates the protective diode. Tyo 
diodes were used, one for each polarity. 
Because the rectifier units do not con- 
duct until the current required to oper- 
ate the relay is exceeded, the rectihers 
do not interfere with operation of the 
drainage switches. 

This electrolysis switch with the e- 
perimental protective circuits was at- 
justed in the shop, the polar relay sealed 
and the unit installed on the telephone 
cable. It operated for 18 months unt! 
a power failure occurred near its loca- 
tion. 

The badly damaged switch was fe 
turned to the shop for inspection and 
repair. Some of the wiring had vapor 
ized, fuses were blown, the contactor 
had welded and one of the rectifier units 
had short circuited, but the polar relay 
operated at the same currents for which 
it had been adjusted 18 months before. 
This was unbelievable performance. 

e . 
3y 1975, the average after-tax income 
of USA families will be above $7000 4 
vear—about $1500 above the presen! 
figure. 


October 
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is ES salt water splash, spray and vapor 


NEW 
RUST-BAN 
19 


Now you can get offshore corrosion protection with remark- 
able economy, measured by cost per year of satisfactory service. 
@ New Humble RUST-BAN 190, a 100% inorganic zinc silicate 
coating, actually reacts with steel to form an inseparable bond 
with the surface. Because of this interaction, RUST-BAN 190 
affords excellent adhesion to give you a hard, abrasion-resistant 
coating that lasts for years. @ Underfilm corrosion is eliminated. 
Scraping or impacts cannot break the coating to cause failures. 
e And RUST-BAN 190 contains no lead, is non-toxic and non- 
flammable. @ For complete information, call your Humble sales- 
man or contact Humble Oil & Refining Company, Houston, Texas. 


HUMBLE OIL & REFINING CO. 





History and Development of 


Some Problems Associated 


with 


CONTRACT CHEMICAL CLEANING* 


Charles M. Loucks 


Consulting Chemist 
Westlake, Ohio 


Introduction 


HE SUBJECT of controlling corro- 

sion during chemical cleaning has 
received considerable attention by engi- 
neers in industry and by members of the 
National Association of Corrosion Engi- 
neers particularly. At the first meeting 
of the NACE T-8 Refinery Corrosion 
Committee in St. Louis in 1957,’ the 
subject was discussed. It was considered 
important enough to justify a special 
Task Group T-8A? to concern itself with 
that problem alone. That committee has 
been active and reports of its meetings 
are in the records of NACE. 

In spite of this, however, it is impor- 
tant to inquire in industrial plants where 
chemical cleaning is being done, if there 
is a record of improved technology and 
more attention to corrosion control. 
There has apparently been no marked 
improvement, so far as the author’s ob- 
servations are concerned. So, because 
corrosion control during chemical clean- 
ing is a matter of considerable impor- 
tance, it is interesting to look for reasons 
for the lack of improvement. 

This discussion concerns primarily 
chemical cleaning done with strong min- 
eral acids by service contractors. The 
author has spent 16 years with a chem- 
ical cleaning contractor. In this area of 
equipment maintenance, it is acknowl- 
edged that a corrosion control problem 
exists. 


History of Chemical Cleaning 
To acquire perspective about chemical 
cleaning, a brief review of the back- 
ground recorded in technical and trade 
literature is worthwhile. Although the 
practice of chemical cleaning is rela- 
tively young, many interesting reports 
are to be found. As soon as industrial 
equipment came into general use, main- 
tenance problems involving scale and 
corrosion products plagued the users. 
When steam engines and steam generat- 
ing equipment reached considerable size, 
maintenance problems became signifi- 
cant. Because little was known of the 
science of water treatment, fouling was 
rapid and severe. So it is no wonder 
operators were willing to try anything. 
Many products of vegetable and min- 
eral origin have been used. For exam- 
ple, petroleum products, including crude 
oil, were used to remove boiler scale, 
with some measure of success. The 
% Revision of paper titled “Controlling Corro- 
sion While Chemical Cleaning’? presented at 
the 16th Annual Conference, National As- 
sociation of Corrosion Engineers, Dallas, 
Texas, March 14-18, 1960. Abstracted under 
title ‘“‘Chemical Cleaning Poses Corrosion 
Problems” published in Oil and Gas Journal, 
Vol. 58, No. 32, 97-98 (1960) August 8. 


Transactions of The American Society 
of Mechanical Engineers of 1888° con- 
tains a very interesting report by Mr. 
Lyne, member of the Society, and engi- 
neer at the Jersey City Electric Light 
Company, on the subject “Kerosene to 
Prevent and Remove Scale.” After de- 
scribing experiments with kerosene and 
its actual use in boilers, he closes by 
saying, “Some engineers advance queer 
theories against the use of kerosene but 
I must assert that, for the most part, 
they are only imaginary. We have as yet 
found no objections in our experience. 
Our boilers do not lift their water, they 
are free from scale and our fuel bill is 
greatly reduced.” 


Potato Skins Plugged Valves 
During the discussion that followed 
Mr. Lyne’s paper, Mr. Ridgeway re- 


Abstract 


Author believes little more attention is 
being paid to corrosion control in chem- 
ical cleaning operations than was com- 
mon in 1957 when the first NACE 
committee on the subject was organized. 
History of chemical cleaning is reviewed, 
with references to the literature dealing 
with the use of petroleum products, po- 
tatoes and other materials. First use of 
acids is described and some engineers’ 
comments on use of acids are reported. 

Following the introduction of inhibited 
acids for cleaning, the growth of con- 
tract cleaning is described. Some labo- 
ratory and field experience with cleaning 
by inhibited acid is described, and some 
of the corrosion and safety hazards ex- 
amined. 

In considering the contract cleaning 
of plants with acids, the author cites the 
difficulties faced in attempting to estab- 
lish specifications for the work in ad- 
vance of contract letting. He deplores 
the practice of letting acid cleaning on 
the lowest bid without a full understand- 
ing between the parties of what is to 
be done. 

Writer suggests that the nature of the 
acid cleaning process is such, the poten- 
tial hazards to persons and equipment 
so serious that industry would be advised 
to seek professional type services rather 
than let work on low bids. Some men- 
tion is made of cleaning agents other 
than hydrochloric acids and why con- 
tractors so far have shown little interest 
in them. 49 references. 5.9.2 


ported successful use of 44 to 50 gravity 
crude. Mr. Cooper said he is familiar 
with Allen’s “Anti-Lamina,” a petroleum 
derivative. He also mentions a Eucalyp- 
tus Extract and says, “I met with won- 
derful statements about it while sojourn- 
ing on the West Coast and sought to 
prove them.” Mr. Babcock knew of the 
use of kerosene some 20 years ago for 
removing sulfate of lime scale from a 
boiler. Mr. Lyne had a friend who used 
potatoes, skins and all, and had trouble 


18 


with the skins plugging valves on the 
system. Then Mr. Engle got to his f 
and said, “I rise to defend the potatnes 
I think that potatoes are in common . 
in some parts of the country, and | 
know of at least one case in which they 
are used with good effect .. , ] believe 
potatoes act very much as the white of 
an egg does with coffee. I cannot se 
the necessity either for putting potato 
skins into the boiler. The essence of the 
potato is all that is necessary. The po- 
tatoes mashed up have a sufficient effec; 
without the skins.” 

Some may feel that materials like 
these were harmless, and if they did ho 
good, they probably did no harm, But 
in 1899 in ‘The American Machinist! a 
Mr. Cary discusses many chemicals used 
for cleaning boilers. He includes caustic 
soda, sal soda, acetic acid, tannin and 
phosphate salts. But he says, “Sal am- 
moniac is most undesirable for use jn 
a boiler due to the liberation of hydro. 
chloric acid following its introduction 
into the boiler. This acid leaves the 
boiler in a vaporous form with the 
steam, corroding the boiler, the piping 
and nearly everything it comes in con- 
tact with.” He also condemns “boiler 
quacks” and says, ‘‘They are often 
tricky manipulators, able to give an ap- 
parent exhibition of the wonderful dis- 
incrusting power of their purges. | 
caught one at one time cracking the 
scale out of a boiler by blowing it empty 
of its water under steam pressure and 
then flooding it suddenly with cold 
water. In another case, [ found that one 
of these manipulators had about ruined 
a boiler by first giving it a dose of muri- 
atic acid before introducing his com- 
pound.” 

During the next 30 years, there were 
frequent references to the use of alkalis, 
alkaline salts, vegetable materials, weak 
acids and even carbon dioxide. There 
were occasional reports of the use of 
mineral acids, particularly for cleaning 
power equipment. The early trade liter- 
ature devoted to refinery processes con- 
tains very little about cleaning tech- 
niques. But by 1916, it was not unusual 
to read of hydrochioric acid being used 
for cleaning steam condensers. In Power, 
1916,° Mr. Hirshfeld of the Edison Illv- 
minating Company of Detroit, describes 
condenser cleaning methods in some de- 
tail. Under the heading “The Chemical 
Method,” he says, “The chemical method 
has been used to some extent in Europe 
and possibly in this country. It consists 
in feeding into or through the tubes a 
dilute chemical solution that will attack 
the deposit and leave it so it can be 
easily brushed or washed out by circu- 
lating water. Such information as }s 
available with regard to the process does 
not indicate that it has been particularly 
successful. The cost of chemicals com- 
bined with the danger to packing, bi- 
metallic contacts and tube metal would 
seem to argue strongly against it.’ 


Acid Is Used Successfully 

3ut in the next few years, there wert 
numerous reports of successful use 0! 
acid with little damage to copper alloy 
tubes. Some people painted the wattt 
boxes to protect the ferrous metal parts. 

On the subject of cleaning other 
power facilities, there are such com- 
ments as that by H. M. Tombs of Chi- 
cago in Power, February, 1923, undet 
the department heading “Practical 
Ideas.” He described the use of 20 cat 
boys of muriatic acid for cleaning 4 
boiler feed line and says the cleans 

(Continued on Page 20) 
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QUALITY COATINGS 
THAT GIVE UTMOST PROTECTION 


“INTERNATIONAL” marine paints and bottom compositions are specifi- 
cally formulated for marine use and afford the best possible protec- 
tion against corrosion and fouling. There is an “INTERNATIONAL” 
paint product for every marine use. Available everywhere. 


“INTERNATIONAL” Industrial coatings are used the world over for better 
maintenance of plants, storage tanks and equipment. Write for full particulars. 


s a 
International Paint Company, Inc Send for 9 complimentary 
9 - copy of our booklet “The Paint- 
ing of Ships.” It outlines the 


best practices in marine main- 
tenance painting. 


Main Office: 21 West St., New York 6, N. Y. Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco,,Cal., So. linden Ave., Phone: Plaza 6-1440 


LL — ——— GULF STOCKS AT: ————_$____.............__. . hile 
SAN ANTONIO MACHINE & SUPPLY CO., Harlingen, Texas—Phone: GArfield 3-5330 RIO FUEL & SUPPLY CO., INC., Morgan City, La.—Phone: 5033-3811 
SAN ANTONIO MACHINE & SUPPLY CO., Corpus Christi, Ttexas—Phone: Tulip 2-6591 ROSS-WADICK SUPPLY COMPANY, INC., Harvey, La.—Phone: FOrest 6-9606 
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DeVilbiss research helps you in 


TESTING! 





ONE . . z with no 


spray. Let us test your new material 
in our lab to show the greater protec- 
tion possible by this method. Heavier 
film build, better coverage of sharp 
edges, less pinholing. 








TWO = = »# Airless 


spray speeds painting of big areas; 
lays on full coats fast, with minimum 
spray fog; sprays even heavy materials 
without atomizing air. A relatively 
new method you should consider. 








THREE... 


Application of urethane foams and 
other plural-component materials is 
now practical with simplified De- 
Vilbiss catalyst spray equipment. 
Eliminates “‘pot-life’’ problem. Our 
technical experience is yours to draw 
on. The DeVilbiss Company, 
Toledo 1, Ohio. 


FOR TOTAL SERVICE, CALL 


DeEVILBISS 
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Chemical Cleaning — 


(Continued From Page 18) 
required three 24-hour periods but “did 
not harm pump, valves or gaskets.” 

In April, 1923, also in Power’ under 
‘*‘Comments by Readers,’’ Mr. Gross 
warns of corrosive hazards during and 
after use of hydrochloric acid. He re- 
ports that 20 years ago certain engineers 
used muriatic acid in their boilers and 
“needless to say, this resulted disas- 
trously in many instances ... The use 
of acid is, in my opinion, poor practice.” 
But the reports do not all agree. In the 
May 29, 1923, issue,* another reader, Mr. 
Benefiel, says, “Mr. Gross is unduly ap- 
prehensive as to corrosive effects of this 
acid. It is only mildly corrosive as to 
iron and brass also... In the industry 
where I am employed, muriatic acid is 
bought by the carload. Naturally, the 
engineers use it quite freely for remov- 
ing lime from injectors, gas engine 
jackets, etc. And it is never diluted but 
we have no trouble from corrosion. It 
is possible that Mr. Gross had sulfuric 
acid in mind, in which case the results 
would be much more serious.” 

As late as 1941, one finds in the trade 
literature’ comments such as “Muriatic 
acid will dissolve anything it comes in 
contact with unless retarders are added.” 
And the suggested retarder is one quart 
of carbon tetrachloride per five gallons 
muriatic acid, which “retards the action 
90-95%.” 


Inhibitors Become Known 

Considerable attention had been given 
earlier to acid pickling techniques by the 
steel industry and by 1920 the use of in- 
hibitors was becoming generally known. 
In 1928, Chappell, Roetheli and Mc- 
Carthy of the Massachusetts Institute 
of Technology say in Industrial Engi- 
neering Chemistry,” “The use of inhibi- 


LOOK for the special “Focus 
on Plastics for Process Equip- 
ment’’ in the November 
Technical Topics Section. 


tors has long been known in industry 
and in recent years very powerful ones 
have appeared on the market.” But a 
few sentences later, “Comparatively 
little can be found in the literature con- 
cerning inhibitors The action of 
these materials has been given compara- 
tively little theoretical study.” Some of 
the inhibitors mentioned in the report 
are formaldehyde, glue, dextrin, coal 
distillation products, thiourea derivatives 
and arsenic compounds. One of their 
literature references is to a paper by 
Speller and Chappell. That paper en- 
titled “Inhibitors—Their Behavior in 
Laboratory and Plant’™ had been pre- 
sented at a meeting in Cleveland in 1927. 
It appeared in the 1927 Transactions of 
the American Institute of Chemical En- 
gineers, 

More interesting still is another paper 
presented at the same meeting and ap- 
pearing in the same volume of the 
Transactions. The authors of the paper 
were F. N. Speller of National Tube, 
E. L. Chappell and R. P. Russell of the 
Chemical Engineering Department of 
MIT. The title was “Removal of Rust 
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from Pipe Systems by 
vent,” and the opening statemen 
“The following paper describes t 
tial application of a new method of te 


an Acid So. 
t read, 
he ini. 
moving rust and other subst 
pipe systems, namely, 
rust from the cold water piping of 
large New York office building whe 
the water supply capacity of the wiles 
had been seriously diminished by a 
accumulation. The method jis thought to 
be equally applicable to the removal of 
rust from condensers, boilers, heater 
and other fabricated systems which 
would be very expensive to take down 
and clean by ordinary methods. The te. 
moval has been accomplihsed by dis. 
solving the rust in acid rendered inert 
toward metal by the addition of inhifi. 
tors.” The chemical cleaning was done 
in the 35-story Bankers Trust Building 
in downtown Manhattan, an office build- 
ing “occupied by tenants of the highest 
class.” So the technology of chemical 
cleaning was launched by engineering 
personnel of the highest caliber, ag all 
will agree: The report further describes 
the careful planning. It emphasizes the 
necessity for competent supervision, 
How often have these admonitions been 
repeated? 


ances from 
the removal af 


Advent of Chemical Cleaning 
Contractors 

By 1940, Dowell, Inc., a subsidiary of 
The Dow Chemical Company, had been 
eight years in the business of pumping 
inhibited acid into oil and gas wells and 
Was venturing into the field of industrial 
maintenance service. Both services pro- 
vided a market for millions of gallons of 
inhibited muriatic acid. During the war 
years, industrial equipment and man- 
power was being pushed to capacity and 
beyond. Any scheme that offered saving 
in time and manpower was given sym- 
pathetic audience. ‘ 

One of the more serious deterrents to 
general acceptance of chemical cleaning 
was, and perhaps still is, concern about 
corrosion characteristics of the mineral 
acids even when inhibited. Equally im- 
portant was the necessity to convince 
potential users of the safety afforded by 
the inhibitors. Laboratory corrosion data 
were an important part of the story, and 
field experience confirmed that inhibited 
hydrochloric acid could be handled with 
relative safety. It became a useful main- 
tenance tool. 

Occasionally there were unfortunate 
experiences. The service company engl- 
neer frequently found himself on the 
defensive. Many agree, however, he and 
his inhibited acid got the blame for cor- 
rosion that they disclosed but did not 
cause. He did learn there was much 
more to the corrosion problem than re- 
citing laboratory data obtained by ex- 
posing carefully selected metal speci- 
mens to inhibited acid solution in con- 
trolled laboratory tests. 


Laboratory and Field Experience 

In several laboratories, scientists com 
tinued work on the properties and mech- 
anisms of inhibitors. Several reports att 
available in Corrosion and_ Industrial 
Engineering Chemistry by Mann and 
Chiao,” Bried and Winn,* Hacker 
man™,** and Nathan.”>* . 

Some more directly concerned with 
the chemical cleaning service ran tests 
and wrote reports about behavior of 1 
hibited acids on ferrous and non-ferrous 
metals and alloys.“ There were obser- 
vations about the effect of composition, 
crystal structure, stresses, etc. Questions 
(Continued on Page 22) 
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specification for proper surface preparation 


Severe weathering, critical chemical exposures 
even at elevated temperatures, and many other 
corrosion problems can be controlled by a 
Truscon system specifically engineered for the 
job. Maximum protection at the lowest cost per 
square foot per year is the prime consideration 


of every Truscon recommendation. 


When you consult Truscon you get a written 


Industrial Maintenance Division of 
Devoe & Raynolds Co., Inc. 
Detroit 11, Michigan 


Penetration / 
of Water /, 


Resists the =~ 


and painting, plus assistance in application 
and inspection methods. Interior or exterior 
surfaces, metal or concrete, machinery, build- 
ings, bridges, or tanks, can all be protected by 
a Truscon coating system. Call the branch 
nearest you or write Truscon Laboratories for 


specific information. 


Write today for new folder on cor- 


rosion control systems. No cost to you. 
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arose about the effects of hydrogen in 
the steel during and after the use of in- 
hibited acids. This subject is discussed 
by Darken and Smith.” Sometimes the 
phenomenon of crevice or contact cor- 
rosion becomes involved in chemical 
cleaning operations. The general aspects 
of crevice corrosion were explored by 
LaQue and co-workers.”” Though their 
experimental observations involved sea 
water rather than acids, the basic con- 
cepts apply. 

There were contributions to the chem- 
istry of the reactions involved in chem- 
ical cleaning and the effect of reaction 
products on the corrosion rates. Some 
of the contributors were Alquist;* Al- 
quist, Wasco and Robinson;” Gatos;” 
Buck and Leidheiser® and others. “Fer- 
ric ion corrosion” became a common 
expression. There was little argument 
about the qualitative explanation but the 
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“quantity” of harm remained obscure 
and not much was done about it. 

When leaves and sheets of re-depos- 
ited copper remained in utility boilers 
after chemical cleaning and subsequently 
caused tube failures, it was obvious 
something had to be done.” While nearly 
everyone knew of the redeposition of 
metallic copper in refinery equipment 
during chemical cleaning, there was no 
feeling of urgency about spending 
money to do anything about it. When 
hydrogen sulfide is a reaction product, 
it may increase corrosion rates. Walston 
and Dravnieks® report some observa- 
tions on this. 

Localized corrosion induced by undis- 
solved solids during and after the chem- 
ical cleaning is not as well recognized. 
It is easily demonstrated that mill scale 
is cathodic to steel in presence of an 
electrolyte.** Other solids, including 
iron sulfides® and redeposited copper 
may be found to have analogous effects. 
Likewise, undissolved deposits may re- 
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main as piles of debris. These piles may 
defy rinsing and neutralizing and ‘y 
main soaked with acid solvent or i 
strong electrolytes. If such debris jg e 
promptly removed, it may produce ent 
ous corrosion. ' aad 
_Other papers on chemical cleanin 
cite other potential hazards. Sire 
such reports are listed,* 8 includine 
the paper by Walston and Draynj ic 
cited above and one by Stander which 
appear in CORROSION, a” 
Every discussion of chemical cleaning 
techniques mentions hydrogen as a o 
action product hazard because of the 
possibility of explosive hydrogens, 
mixtures. This hazard is rather easily 
controlled. Yet, in Power, April, 1954 
one finds the article headlined “Hy. 
drogen Bomb in Your Plant.” The te. 
action product, hydrogen sulfide. js 
well-known to be extremely hazardous 


Although it can be handled with reason. 


able safety through good engineering 
(Continued on Page 24) 
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years, corrosion of both steel and 
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matched by any previous inhibitor. 
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several people have lost their lives j 
accidents involving hydrogen sulfide 
The number of near-fatal incidents 
known to the author is sufficient to jus- 
tify close attention to this problem 

But, on the more positive side are the 
many reports, including the one by 
Speller, Chappell and Russell” of suc. 
cessful performance and savings in time 
and money, Examples of headlines are 
Acidizing Cuts Costs,” Chemical Clean. 
ing Makes Money," Boiler Scale Re. 
moval by Chemical Cleaning,* Chemical 
Circulation Methods in Cleaning and 
Descaling Petroleum Processing Equip- 
ment,” Old Crude Line Gets a Cleap. 
ing“ and Chemical Cleaning is Cheaper 
too.” 

Buying Contract Service 

As the number of chemical cleaning 
contractors in the field increased, the 
competitive situation changed and one 
finds headlines like: Competition Brings 
Down Your Chemical Cleaning Costs." 

As competition in the field increased, 
the sales approach changed. The chem- 
ical cleaning salesman, instead of com- 
peting with fear of acids and with use 
of mechanical cleaning methods, found 
himself face to face with another chem- 
ical cleaning salesman who was saying, 
“T can do anything you can do and | 
can do it cheaper.” Buyers welcomed 
this situation and soon many purchas- 
ing departments established policies re- 
quiring multiple bidding and awarding 
the contract to the lowest qualified 
bidder. 

Purchasing agents and service sales- 
men alike struggled with the question 
of what was being bought and sold. 
Purchasing of chemical cleaning service 
involved intangibles. Purchasing agents 
are familiar with acquiring materials or 
letting contracts on the basis of speci- 
fications or descriptions placed in their 
hands. The obvious purpose is to de- 
scribe what is sought, in order that a 
satisfactory purchase be made from one 
of several vendors. When both the pur- 
chasing agent and the vendors under- 
stand precisely what is needed, the need 
may be filled to the best advantage ot 
the purchaser. 


Specification Is Difficult > 

If the need is for chemical cleaning ot 
plant equipment Units A, B, C and D, 
how is the transaction usually handled, 
and what is being purchased? In most 
cases the handling is simple enough. 
The purchasing agent says to the serv- 
ice contractors, in effect, “The plant 
people contemplate chemical cleaning 0! 
Units A, B, C and D. What 1s your 
price?” : 

Price for what? For examining the 
equipment to obtain samples, ascertain 
materials of construction and observe 
the physical condition of the equipment’ 
For analysing samples to determine 
what reaction products may be encoun- 
tered that can corrode the equipment or 
kill someone? For time to plan and en- 
gineer the service so it can be done 
safely? For adequate supervision, S° 
chemical analyses may be made on the 
job, and so supervisors and crews are 
not worked to exhaustion? For submit: 
ting engineering reports describing pro- 
cedures used and evaluating results? Or 
for some truckloads of inhibited acid to 
be pumped into the equipment Units A, 
B, Cand Dr? , 

If a service contractor is asked for a 
price to clean Units A, B, ¢ and D, 
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t is expected of him? Is he moti- 
t nd his time and money 


~ + 
‘ated to SPe - 
vos things that are not specifically 


called for, knowing that if he does he 
can't afford to meet the competitor’s 
price? These considerations often lead 
to shortcuts around safeguards and to 
gambling with expensive equipment and 
with people’s lives. Potential hazards in- 
volved in chemical cleaning demand that 
every possible precaution be taken. Why 
then in some cases are even the most ele- 
mentary precautions neglected? Because 
of indifference to the potential hazards? 
No. Chances are taken because the mott- 
vation is inadequate. 

Service contractors themselves did 
much to create this situation. For years, 
it was a common concept that a cus- 
tomer bought a clean unit, and how it 
was cleaned was none of his concern. 
Contractors resented customers submit- 
ting specifications or requiring detailed 
plans describing what was to be done 
and how. They resented the customer 
poking into their secrets or getting the 
idea the method was so simple he could 
do it himself. Also, many feared he 
might reveal plans and ideas to compet- 
tors. No report was provided unless 
he insisted. Unit prices or itemized price 
breakdowns would not be included in 
the invoice so he could tell what he was 
paving for. While some of these atti- 
tudes have changed, the basic difficulty 
of lack of definition of what is being 
purchased remains. 

Another undesirable aspect of the 
present buying procedure is: How can 
three or more competing service con- 
tractors perform the pre-cleaning phases 
of investigating and planning without 
putting the customer’s people to the in- 
convenience of going over the ground 
three or more times? Plant supervisors 
find this procedure annoying and time- 
consuming. 


Is the “Professtonal” Needed? 

Also, another question is part of the 
problem. Is the service contractor to be 
considered a professional, an expert in 
ahighly specialized field of chemical en- 
gineering, a specialist in solving main- 
tenance problems through chemistry? 
Or, is he a truck owner who is in the 
acid vending business? 

Many contractors want to be regarded 
as professionals, interested in solving 
maintenance problems and in the proper 
care of equipment, much as a doctor is 
interested in solving health problems 
and in the well-being of his patients. If 
industry needs professionals, the ques- 
tion arises: “Do present policies allow 
contractor to develop a continuity of 
interest in, or knowledge of, the prob- 
lems in a given plant?” Are bids from 
three local doctors sought in time of 
sickness? If the chemical cleaning con- 
tractor is to be a plant maintenance 
“doctor” with a professional interest in a 
plant's problems, he can’t be expected 
to fight for every job, and intermittently 
be allowed to care for the “patient.” 
resent methods tend to force contrac- 
tors to be vendors of acid, with the job 
song to the vendor who sells acid at 
the lowest price. When this happens, 
who is responsible for the chemistry, 
le engineering, the corrosion and the 
Salety aspects of the operation? 

W hat is known about controlling cor- 
‘sion is less important than what is 
lone about it. What contractors do de- 
pends on what they can get pair for. In a 
‘ompetitive market getting paid for things 

(Continued on Page 26) 
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corrosion 
resistant 


replaces costly metal fabrications 


in the 


METALWORKING 
industry 


Ceilcote engineers complete ven- 
tilating systems, gas scrubbing 
towers, hoods, tank covers, ducts, 
recovery tanks and other custom- 
ized fabrications. 


in the 


TEXTILE 

industry 

Complex rayon spin machines, 
feed pipes, filters, screens, tanks 


and similar equipment are fab- 
ricated from Duracor. 


in the 


PETROLEUM 
industry 


Acid storage tanks, tank trailers, ex- 
haust systems, pressure pipes and 
other Duracor products are render- 
ing outstanding service. 


in the 


CHEMICAL 
industry 


Duracor is used extensively for 
special processing equipment, 
processing tanks, laboratory sinks, 
brine tanks, acid storage tanks, 
covers and ventilating systems. 


Save up to 40% over costly metal structures 
with Duracor processing equipment and ventilat- 
ing systems! A product of Ceilcote’s 33 years of 
corrosionproofing experience, Duracor combines 
extreme chemical resistance and high strength 
with light weight, heat and flame resistance. 
WRITE TODAY FOR VISUAL STAND- 
ARDS AND INDUSTRY SPECIFICATIONS! 


THE CEILCOTE COMPANY, inc. 


4874 Ridge Road ¢ Cleveland 9, Ohio 


PHYSICAL PROPERTIES 
Tensile Strength p.s.i.: 
11,000-15,000 


Flexural Strength p.s.i.: 
20,000-30,000 


Tensile Modulus of Elastic- 
ity p.s.i.: 1.2—1.4 x 10° 


Flexural Modulus of Elastic- 
ity p.s.i.: 0.78—1.6 x 106 


Impact Izod, Notched 
ft.-Ibs./in.: 30—40 


Specific Gravity: 1.4 


Coefficient of Linear 
Expansion: 9.5 x 10-6 
in./in./°F, 


Standard Color: 
Light Green/Gray 


Maximum Temperature 
(Exposure): To 500°F. 
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Stainless Steel* 
Aloyco Needle Valve 
eliminates leakage 


and galling! 


AiiiN 


i 


petted dt 
eerie 


A. OUTSIDE STEM THREADS «are ‘away 
from corrosive area prevent galling. 
B. UNION BONNET provides extra 
strength and easy disassembly. 


C. TEFLON O-RING provides tough; 
leak-proof seal. 


D. TEFLON SEATS are pressure-tight, 
dependable, won't gall. Renewable. 


*Alloys available: 18-88, 18-8SMo, Aloyco 20 


This #62 Stainless Steel needle valve 
has proved itself for 10 years in many 
types of severe corrosive service. It is 
particularly suitable for sensitive con- 
trol of flow as in metering, or sampling 
for process plant, laboratory or pilot 
plant use. For more facts write: Alloy 
Steel Products Company, 1304 West 
Elizabeth Ave., Linden, New Jersey. 
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Longer Lasting 
ALOYCO, 


VALVES 


ALLOY STEEL PRODUCTS COMPANY 
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Chemical Cleaning — 
(Continued From Page 24) 

not specified in the purchase transaction 

is difficult. Present methods of purchas- 

ing contract service need to be re-exam- 

ined critically and objectively. 

Chemical cleaning can become a more 
useful maintenance tool than it has been. 
If chemical cleaning can save time and 
money in plant maintenance, manage- 
ment will be motivated to explore fur- 
ther applications. Service contractors 
will continue to serve a useful purpose. 
Because muriatic acid will continue to 
be the cheapest and most reactive acid 
solvent for dissolving inorganic scale 
and corrosion products and because of 
the properties of muriatic acid, most 
plant operators prefer to leave its han- 
dling to properly equipped and experi- 
enced contractors, 

Other Cleaners Are Available 

Many chemicals other than muriatic 
acid have potentials in maintenance work 
with corrosion hazard. Most cost 
more per pound. Some are now pack- 
aged and used primarily on a do-it- 
yourself basis because they are rela- 
tively safe and easy to handle. For 
obvious economic reasons, service con- 
tractors, with substantial investments in 
trucks and acid storage and handling 
equipment, have not explored new chem- 
icals extensively. Several chemical com- 
panies manufacturing products which 
have maintenance applications are call- 
ing attention to possible uses in adver- 
tisements and trade magazine articles. 
Examples are citric acid,” sulfamic 
acid,* and chelating agents.” Vendors 
are doing some development work with 
their products and furnishing technical 
service to purchasers as part of sales 
promotion efforts. These and many other 
materials offer interesting chemical 
properties and maintenance possibilities. 

Conclusion 

This article is not intended to give a 
packaged answer to the problem of con- 
trolling corrosion during chemical clean- 
ing. But for those who believe the prob- 
lem exists, it may help them to analyse 
the problem and to explore some as- 
pects which heretofore have not been 
discussed, 

What can individuals interested in 
controlling corrosion do? When a main- 
tenance problem arises, why not get to- 
gether with responsible people from 
the several departments involved: 
Operations, maintenance, engineering, 
purchasing, materials, inspection, cor- 
rosion control and management? A 
stimulating discussion, with each de- 
scribing how he sees the problem very 
likely will produce constructive sugges- 
tions. Every service contractor who 
sincerely tries to give good service will 
cooperate fully to improve the present 
unsatisfactory situation. The writer be- 
lieves that few contractors give so much 
of themselves personally for so little 
reward as do the chemical cleaning 
people. Why do they? Because the work 
is challenging and intensely interesting 
to one who likes to solve problems and 
to help others solve them. 
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Focus on Plastics 
for 
Process Equipment 


The November issue’s Technical 
Topics Section will be devoted to 
discussing the use of plastics or 
process equipment. Other interest- 
ing articles on plastics will be 
featured in that issue also. 
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If you have anything to do with maintenance of carry economic penalties. Either one will show up 

-18t equipment or structure, or with the costs that sooner or later on the overall cost sheets. Although 
result therefrom, this folder may be extremely Hercules does not make any finished paints or 

— useful to you. It gives a rational basis for paint coatings, we have had over twenty-five years’ 
and painting specifications, and tells how all practical experience with Parlon® chlorinated 
surface and area exposures can be classified into rubber, a key material for corrosion-resistant and 
the Four Categories of Corrosion. high-performance maintenance paints. 

As in all other phases of engineering, both un- This booklet has been written with this back- 

derdesign and overdesign of maintenance painting ground of experience. Write for your copy. 


Cellulose Products Department 
HERCULES POWDER COMPANY 
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Figure 1—Good condition of valves (left) and 

piston head (right) after 25-hour test of 

single cylinder, 4-cycle Diesel engine burning 

Diesel oil and powdered coal at an oil-to-coal 
ratio of 1 to 1. 


Lubricating Oil Contamination 


Abstract 


Investigation is described to determine 
whether or not pulverized coal with low 
ash content will burn in the cylinder of 
a Diesel engine and what effects it 
would have on engine performance, oper- 
ation and wear. 1 


Drawback in Coal Burning Diesel* 


H. P. Marshall and Carl Shelton, Jr. 


Virginia Polytechnic Institute 
Blacksburg, Virginia 


with oil at $16 per 100 gal and coal at 
$10 a ton. 

Researchers recommended the follow- 
ing procedures to get longest life for a 
coal burning piston engine: Overlapping 
compression rings; high capacity full 
flow oil filtering; large capacity crank 
case; no oil scraper rings below piston 


be stuck and the piston badly scored. 
This was believed to be the result of 


. INTAMINATION OF lubricating 


oil with unburned coal proved the 


principal limiting factor in operating a 
Diesel engine on a mixture of Diesel 
fuel and oil at the Virginia Engineering 
Experiment Station, Virginia Poly- 
technic Institute, Blacksburg, Va. Tests 
were made with a 4-cycle, single cylin- 
der, poppet valve engine. 

Tests were conducted with coal from 
two sources which had been pulverized 
to contain approximately equal amounts 
of 100, 150, 200 and 270 mesh sizes. 
Both coals were selected for their low 
ash, low sulfur content. Mixtures of coal 
and oil varied from one to 10 in initial 
tests to 1 to 1 in that portion of a 100- 
hour test which was completed. Coal 
was fed into the oil by means of a 
patented feeder. 

Thirteen hours after the start of a 
100-hour test an exhaust valve push rod 
broke and the engine was shut down. 
It was disassembled and an examina- 
tion showed the coal dust in the lubri- 
cating oil had worn away all Babbitt 
metal from the connecting rod bearing, 
that the piston was seizing on the thrust 
side and the condition of the rings was 
very poor. The cylinder liner had a few 
score marks due to action of small 
pieces of the chrome face of the top 
piston ring which had broken away. 

After reassembly with a new piston, 
piston rod, cylinder liner and new rings, 
another test using coal was ended after 
7 hours when the engine would not start 
due to loss of compression. On dis- 
assembly the piston rings were found to 


ged from an Article ‘““The Coal Burning 

m Engine’ published in the Bulletin of 

Virginia Polytechnic Institute, Vol. 53, 
», 1, November, 1959. 


poor lubrication caused by contamina- 
tion of the lubricating oil. 

The engine was reassembled with a 
new piston and ring; the oil scraper ring 
was omitted from the piston skirt to get 
more oil to the top of the piston. A 25- 
hour test at a 1 to 1 ratio of oil to coal 
dust was run, the last 22 hours being 
continuous. Oil pressure dropped to 10 
psi because of clogging. 

The head, valves and exhaust system 
were found to be in good condition and 
the engine burned without producing 
excessive smoke. See Figure 1. 

Conclusions reached were: Fuel oil 
consumption was reduced from 7.07 
lb/hr to 5.30 lb/hr by introduction of 
5.6 lb/hr coal dust. Brake thermal effi- 
ciency was reduced from 18.2 percent 
on oil to 13.4 percent on a coal and oil 
mixture running at 10 hp at 1750 rpm. 

Cost of fuel is reduced about 1.25 
cents an hour when operating at 10 hp 
and 170 rpm and when using coal-and- 
oil mixture compared to Diesel oil only 


Focus on Plastics 
in 
Process Equipment 
Applications of plastic materials 
for process equipment will be dis- 
cussed in the Technical Topics 
Section for November. 


pin and a feeder to inject dust into the 
cylinder just before ignition. Further 
tests were indicated to determine optt- 


mum coal particle size. 
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Technical Topics 
Included in Index 


Technical Topics will be included 
in CORROSION’s annual index 
published in the December issue. 
The Topics will be cross-refer- 
enced in the alphabetical subject 
and author index. 

Persons who customarily ex- 
tract Technical Section pages 
from each issue for binding are 
reminded that the Technical 
Topics pages should be extracted 
also for a more complete refer- 
ence to technical information 


published in CORROSION. 





3urning Powdered Coal m 


Engine. Power, 


1956, Page 113 of CORRO- 
operation of a Diesel 
engine using gasoline and coal dust by R. E 
Roanoake, Va. The information was 
obtained from the Mineral Industries Journal, 
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.:.»when it comes to corrosion 

t's no tall story that most of your metal and masq@ 
tesion problems can be solved with Allied Chemida 
Cold Coating and Coal Tar Paint #110. Both items 4 
high-quality, low-cost protection. 34Yc is ideal for Su 


our Industrial Tar Products Department. 
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When pipe needs the most protection... ; 
where maintenance can cost the most... § 
nothing measures up like 


Somastic 
pipe coating 
by H. C. Price Co. 


Today, in the swamplands ... in highly corro- 
sive soils . . . in seawater itself . . . SoMASTIC® 
gets the call from the nation’s pipeline men. 
They know, from scientific examinations made 
of SoMASTIC ®-coated lines that have been oper- 
ational as much as 30 years, that this asphalt- 
mastic coating. keeps on protecting against cor- 
rosion long after other coatings have developed 
costly holidays. 

EXAMPLES: 10” and 8” product line running 
115 miles through the waters and muck of the 
Louisiana swamps, in operation over 18 years; 
a 25-mile, 14” line laid deep in the bottoms of 
Lake Pontchartrain, now in its 19th year; 335 
miles of 654” pipe from Kansas to South Da- 
kota, now in its 20th year. (Details on request.) 
These are but three examples of the scores of 
pipelines, totaling thousands of miles, that have 


been protected against corrosion by SOMASTIC" 
pipe coating. 

How about the economics? Today, the 
H. C. Price Co. Pipe Coating Division offers 
SoMASTIC® pipe coating at prices sharply com- 
petitive with enamel wraps or other coatings. 
Low initial cost combines with predictable low 
maintenance costs for the most favorable pipe 
coating economics available. Because of its 
greater weight, Somastic® offers considerable 
savings where weight is a factor, such as in 
marine or swamp installations. 


Want the proof? Substantial material is available on periodic exami- 
nations of SOMASTIC®-coated pipe. Mail the coupon below for 
reprints for your file, plus the newly issued book on SOMASTIC* 
use and specifications. No obligation, of course. Information is 
also available on HEVICOTE® concrete coating, including weight 
and displacement tables. 


COATING 


H.C. PRICE CO. + PIPE COATING DIVISION 
Price Tower, Suite!104 Bartlesville, Oklahoma 


f— Send me current information, including scientific papers, about the corrosive 
protection and weight advantages offered by SOMASTIC @ pipe coatings. 


[—] Send me information about HEVICOTE ® concrete coating, including weight and 
J displacement tables. 

Name 

Title 

Company 

Address = 

City and State 
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HOME OFFICE: Price Tower + Bartlesville, Oklahoma 


Gulf Coast Plant: P. 0. Box 263 « Harvey, Louisiana 
East Coast Plant: P. 0. Box 6120, Bustleton « Philadelphia 15, Pennsylvania 
Cable Address: HCPCO 
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PVC Rollers in Conveyor System 
Resist Battery Acid Corrosion 


A conveyor network with polyvinyl 
chloride rollers has eliminated sulfuric 
acid corrosion losses and has replaced 
push-tables in a storage battery plant’s 
production line. 

After one year’s service in the se- 
verely corrosive exposure to sulfuric 
acid, the PVC rollers showed no dam- 
age, but an assembly of metal rollers 
installed for test purposes beside the 
PVC rollers showed badly corroded 
seas from the sulfuric acid drippings, 
is shown in the photographs above. 

PVC sheets also are used as guide 
separators between lines of batteries in 
sections of the conveyor where three 
independently moving lines require three 
short rollers operating on one long 
shatt, 

Because the shafts, bushings and 
rollers are subjected to corrosion from 
the battery acid drippings, the complete 
r ler assembly was fabricated of PVC. 
Rollers were made of 14-inch PVC 
pipe. Plastic bushings cemented inside 
each roller end accommodate the shafts 
Which are made from 14-inch PVC pipe« 
wed for the shaft. 

This installation at the Scranton Bat- 
tery Company in Scranton, Pa., has 
verihed previous tests made on the PVC 
roller system. The Scranton conveyor 
las withstood one year’s service with 
10 corrosion damage. A 50-foot test sec- 
ton of metal rollers was badly corroded 
and deteriorated after only six months’ 
seTVICe. 

Before the Scranton plant installation 
Was made, a PVC roller assembly was 
ot at temperatures of 72, 120 and 
= F at operational loads of 80 and 
1) pounds, PVC roller deflection was 
slight. At heavier center point loads of 
%0 to 400 pounds, roller deflection was 
about 1.5 inches, with immediate spring- 
back to original form after the load was 


removed. Because the load at the bat- 
tery plant was spread over a series of 
rollers, deflection at the heavier loadings 
was negligible. 

Designed by Scranton Battery, the 
conveyor network uses over 18,600 feet 
of PVC pipe for rollers and shafts. Pipe 
used was Type I, Schedule 40 and 80 
supplied by A. M. Byers Company, 
Clark Bldg., Pittsburgh, Pa. 


PVC ROLLERS AND SHAFTS were used 
for this conveyor network in a battery 
plant to eliminate corrosion losses 
caused by sulfuric acid drippings. At 
the right is shown the contrast of con- 
ditions between the PVC rollers at the 
top and the four metal rollers at the 
bottom. The PVC rollers have with- 
stood one year’s service; the metal 
rollers show badly corroded areas after 
only six months’ service. 


Anodized Aluminum Withstands 
Fading and Corrosion Exposures 


Outdoor exposure tests for over three 
years in various parts of the United 
States have shown no perceptible fading 
or corrosion on test panels of anodized 
aluminum designed for architectural ap- 
plications. 

Three natural environmental test sites 
were used (1) Battelle Memorial Insti- 
tute’s North Florida Research Station 
near Daytona Beach, Florida, for a 
coastal marine exposure, (2) an indus- 
trial exposure on the property of a metal 
plant and (3) desert ex- 
conducted by Desert Sunshine 
Test Company of Phoenix, 


processing 
posure 
Exposure 
Arizona. 

\t the marine site, the aluminum 
panels faced the ocean at a distance of 
350 feet from the water. Performance 
of the panels at this test site has been 
found by other tests to be comparable 
to that of aluminum at the 80-foot sta- 
tion on the beach at Kure Beach, N. C. 

At the severe industrial site, the 
panels faced south and were downwind 
from the flow of carbon dust, chlorine 
and other contaminants coming from 
the furnace section of a metal fabricat- 
ing plant. 


The panels were anodized by a new 
process caller Kalcolor, developed by 
Kaiser Aluminum & Chemical Corpora- 
tion, 300 Lakeside Drive, Oakland 12, 
Cal. Color tones are created during the 
process through conversion of alloying 
elements within the metal itself. Kaiser 
is producing this architectural aluminum 
alloy as extrusions and sheet for use in 
commercial construction. 

\ccelerated conducted on 
this anodized aluminum showed no per- 
ceptible fading or corrosion. These in- 
cluded 15,000-hour salt 
7000-hour water fog exposure and high 
exposure for 


tests also 


spray exposure, 
intensity ultra violet ray 
over three years. The latter test 1s con- 
sidered by Kaiser engineers to be equiv- 
alent to about 25 vears’ 


light. 


exposure to sun- 


Miniature TV Camera 

transmitter 
into the 44-inch diameter 
nose cone of the Arcas rocket is to be 


A television camera and 


that will fit 
contract from the U. S. 


built under a 


Navy. 
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"BOOK NEWS. 


Making Better Plastic Welds. By Don- 
ald W. Thomas. 56 pages, 6 x 9, paper. 
1960. Laramy Products Co., Beech- 
wood St. at Route 3A, Cohasset, Mass. 
Per copy, $1. 

An illustrated mannal on how to make 
welds in plastic. Chapters cover history 
and development of plastics, plastic 
welding equipment, welding plastics, 
tacking, hand welding, semi-automatic 
speed welding, special instructions ap 
plicable to specific materials. 

Inspection, testing and evaluation of 
welds; thermoplastics and lining mate- 
rials, physical characteristics of some 
commonly used plastics and _ training 
exercises. 


Metallic Corrosion Inhibitors. By I. N. 
Putilova, S. A. Balezin and V. P. 
Barannik. 196 pages, 5% x 8%, cloth. 
1960. The Pergamon Press, 122 East 
55th St.. New York 22, N. Y. Per 
copy, $10. 

\ translation from the Russian text by 

G. Rynback, edited by E. Bishop. Con- 

tents include introduction and brief his- 

torical survey, classification of inhibitors 
and laws governing them. 

Concepts of the mechanism of protec- 
tive action, inhibitors in aqueous solu- 
tions of acids and alkalis; in water and 
aqueous solutions of salts; atmospheric 
sion inhibitors and inhibitors for 
non-aqueous liquid media. 

Appendices cover pickling procedure, 
removal of boiler scale with hydrochloric 
acid; metals protection against atmos- 
phere using inhibitor-impregnated paper. 
There is an index of inhibitors and re- 
lated substances keyed to the text. 

Most of the references are to Russian 
or European literature. 


corre 


Corrosion. 10 Year Bibliography. SB- 
401 40 pages, 77, x 10% inches. self- 
cover. U. Dept. of Commerce. Office 
of Technical Services, Washington 25, 
D. C. Per copy, 10 cents. 

\ bibliography of titles of reports listed 

in U. S. Government Research Reports 

and Technical Translations. Some sec- 
tions include abstracts from 1948-59 in- 
clusive. Information necessary for or- 
dering copies is given under each title. 

Reports are grouped under the fol- 
lowing headings: Corrosion resistant 

AEC Reports on Corrosion 

Resistant Coatings, Translations on Cor- 

rosion Resistant Coatings; Corrosion 

Materials, AEC Reports on 

Resistant Materials; Stress 

Corrosion, AEC Reports on Stress Cor- 

Corrosion Inhibitors, AEC 

ports on Corrosion Inhibitors; 

sion Tests and Testing Equipment, AEC 

Reports on Corrosion Tests and Testing 

Equipment; Corrosion General, AEC 

Reports on Corrosion, General; Transla- 

tions on Corrosion, General. 

An appendix gives sources of trans- 

lations and locations of depository li- 

braries for translations. 


ce atings, 


Resistant 
Corrosion 
rosion; Re- 
Corro- 


The Surface Chemistry of Metals and 
Semi-Conductors. Harry C. 
editor. 526 pages, 534 x9 inches. 1960. 
John Wiley & Sons, 440 Fourth Ave., 
New York 16, N. Y. Per copy, $12.50. 

A symposium sponsored by the Office 

of Naval Research and The Electro- 

chemical Society, Inc. at Columbus, 

Ohio, October 19-21, 1959, 
Material is divided into: 


Gatos, 


Chemistry 


and physics of surfaces, imperfections 
and surface behavior, electrode behavior 
of metals and semi-conductors, surface 
reactions in liquid media and surface 
reactions in gaseous media. The 22 
papers are accompanied by discussions. 
The book is liberally illustrated, con- 
tains many diagrams illustrating points 
in the text and graphed data. 

The symposium was held for the pur- 
pose ot providing a medium for the ex- 
change of theory and technology be- 
tween the fields of metal surfaces and 
semiconductor surfaces. Technical prog- 
ress in processes involving reactions at 
surfaces, especially those involving 
semi-conductors has been at an accel- 
erating rate in recent years. At the same 
time substantial progress has been made 
in understanding of the theoretical 


FOCUS ON PLASTICS 
IN 
PROCESS EQUIPMENT 


Five articles on plastic applica- 
tions for process equipment will 
be featured in the Technical 
Topics for November as part of 
that special “Focus on 
Plastics in Process Equipment.” 
Titles of these articles are given 
below. 

Another feature of the “Focus 
on Plastics” in the November 
issue will be publication of a re- 
port of NACE Task Group 
T-4B-5 on Non-Metallic Sheaths 
and Coatings. The report is en- 
titled “Practices and Experience 
With Protective Jackets for Out- 
side Plant Lead and Aluminum 
Sheathed Cable.” 

Articles to be published in the 
November issue’s Record and Re- 
port Section also will include 
information on plastics used for 
corrosion control. These articles 
will deal with vinyl coated ex- 
haust stacks, reinforced plastic 
pipe for handling corrosive wastes, 
a new polyvinyl dichloride that 
can be used in industrial hot-acid 
piping and reinforced polyester 
panels used to prevent corrosion 
of industrial building sidings. 


issue’s 


Technical Topics for November 
are as follows: 


Some Results from Elevated Tem- 
perature Testing of Polyester 
Castings and Laminates, by 
S. S. Feuer and A. F. Torres. 


Laboratory Testing of Spay Ap- 
ae 


plied Lining Materials, by R. S. 
Foster. 


Design Considerations for Apply- 
ing Reinforced Plastics in Cor- 
rosive Environments of the 
Process Industry, by Fred W. 
Arndt. 


Case Histories Indicate Tetra- 
fluoroethylene Lined Pipe Has 
Lower Installation Cost Than 
Other High Temperature Pip- 
ing, by T. R. Thierry. 

Characteristics, Testing and Some 
Design Considerations Applica- 
ble to Glass-Reinforced Plastic 
Pipe, by R. M. Levy. 
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problems associated with surf 
especially abroad. 

All of the papers are thoroughly fet. 
erenced. An alphabetical subject | 
is included. 


aCe states, 
index 


Tables for Identification of Organic 
Compounds. Charles D. Hodgman 
editor. 241 pages, 6% x94 inches 
cloth. 1960. Chemical Rubber Publish. 
ing Co., 2310 Superior Ave, N. FE 
Cleveland 14, Ohio. Per copy, $7,” 

Tabulated data are given on the char- 

acteristics of 4380 organic parent com. 

pounds. The compounds are arranged 
in 17 classes: Alcohols, aldehydes, alk] 
and aryl halides, amines, amino acid 
aromatic hydrocarbons, carbohydrates, 

Carboxylic acid anhydrides, halides 
and acids; ethers, ketones nitriles, nitro 
compounds, phenols, quinones and syl- 
fonic acids. 

Data are arranged according to melt. 
ing point, crystal color and solvent from 
which crystallized. 

Also included are miscibility of or- 
ganic solvent . 


pairs, surface tension of 
various liquids, emergent stem corree- 
tion for liquid-in-glass thermometers 
correction of boiling points to standard 
pressure, molecular elevation of the boil- 
ing point, molecular depression of th 
freezing point, periodic chart of the ele- 
ments and atomic weights. 


European Federation of Corrosion, 1958 
Yearbook. 135 pages, 8% x 11} 
inches, paper, typescript. January 
1960. Dechema, Frankfurt (Main 
Germany. Availability not indicated 

Contains reports of the Europea 
Federation of Corrosion for 1958 
German, French and English; reports 
of the member societies of the federa 
tion in the languages of the respectiy 
members in most instances and a list 
of research institutions concerned wit! 
corrosion problems. 

The federation’s 56 members from 14 
countries are listed as is membership of 
committees, agendas of meetings, elec- 
tions, letters sent to members. 

Each of the member organizations re- 
ports its officials, objectives, accomplish- 
ments during the year, including publi- 
cations and meetings. Names of books 
and periodicals are given. 


New Technique Described 
For Complex Data Analysis 


technique tor 
engineering 


Edgegraphing, a new 
hand analysis of complex 
data in 10, 20 or more variables, is dis 
cussed in technical literature availabl 
from Statistical Engineering Institute, 
8 Fuller Road, Wellesley Hills 81, Mass 

Edgegraphing is described as a pract- 
cal method for mass analysis of com- 
plex data. Electronic computers usually 
available to engineers have been inade- 
quate for this job from the view 
points of calculation volume, admini- 
strative convenience and time required. 


European Corrosion 


The 15th meeting of the Europeat 
Federation of Corrosion is scheduled 
during the 1961 European Congre 
Chemical Engineering, June 9-17, 
to be held in Frankfurt am Main. — , 

Invitation brochures translated into 
English, French, German, Italian ane 
Spanish can be obtained by write 
Dechema, Frankfurt am Main 7, Post- 
fach. 
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Company 


Method of Installation 


Anode Cable #0 Type CP 


PROTECTION OF A $4,750,000 
OFFSHORE DRILLING RIG 


Corrosion engineers of a large oil company 
decided to use impressed current cathodic pro- 
tection on the underwater foundation of an 
offshore drilling rig. 

Six strings of 10 “National’’ NA Graphite 
Type QA Anodes* were used to provide a dis- 
tributed anode bed. They were assembled on 
1/0 C.P. cable at fifteen foot spacings. Anode 
strings were placed radially around the plat- 


form on the sea bottom with the first anode 
approximately 200 feet from the platform 
base. The anode strings are held in place by 
12”x12”x16” concrete anchor blocks at the end 
of each string. 

“National” NA Graphite Anodes were selected 
because of proved long anode life (about 0.1 
lbs./amp. year consumption in free moving salt 
water) and low initial cost. 


*Anodes were sold by The Vanode Company, Pasadena, California 


‘toma, wv" ang shietd oevice, | NATIONAL CARBON COMPANY ginny. 


and ‘Union Carbide’’ are registered 


trade-marks for products of Division of Union Carbide Corporation * 270 Park Avenue, New York 17, New York 
IN CANADA: Union Carbide Canada Limited, Toronto aes 
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' Glaco ends both! 


Corrosion prevention is a per- 
plexing problem that’s highly 
individual’in nature. As a 
leading custom applicator of 
specialized plastic materials, 
Glaco’s experienced staff will 
determine and apply the exact 
coating system to solve your 
particular problem. The thin 
TUS loL lM MULL cL 1d Lola 
oats Meolia-am alte UM lors ime Sty 
applied by Glaco, insure out- 
standing chemical resistance to 
Smet ia- Tha tal Meta K 2 T 4 
agents—even up to tempera- 
tures of 400° F. Wherever you 
Lime CACoLt MEM Lo Teed tie <-L lt oe 
ters CCAM Molar: d col Dg 
special coating requirements. 


The Complete 
Custom- 
tet tate! 


GLACO cereale Tadic 


INDUSTRIAL COATINGS DIVISION 


THE NATIONAL GLACO CHEMICAL CORP. 
DTT la ei it) | a 
1949 N. Cicero Avenue, Chicago 39, Illinois 
© 1960 
Descriptive Brochure Now Available! CM-106 
industrial Coatings Division 
The National Glaco Chemical Corp. 
1949 N. Cicero Avenue 
Chicago 39, Illinois 
[) Please send me a copy of your 12-page, full 
color brochure on custom-engineered coating 
service, without obligation. .... .... .. ..-. 
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FOUR ALUMINUM ELEVATORS, measuring 52 feet wide and 85 feet long and each 
weighing 105 tons, will be installed on the USS Enterprise, the first nuclear powered air- 


craft carrier. The elevators will be used to 


lift advanced jet aircraft from the hanger to 


the 252-foot wide flight deck. 


First Nuclear Aircraft Carrier 
To Have Aluminum Elevators 


Huge elevators almost large enough 
to be highway bridges are being fabri- 
cated of aluminum for use on the USS 
Enterprise, the first nuclear powered 
aircraft carrier. Measuing 52 feet wide 
and 85 feet long, the elevators are all- 
welded construction, fabricated of alu- 
minum extrusions and plate. One of the 
elevators is shown in the accompanying 
photograph. 

Four of elevators will be in- 
stalled on the Enterprise: three to star- 
board and one to port. Each weighs 105 
tons, which is a 30-ton saving over high 
tensile steel. Lighter, less bulky machin- 
ery thus can be used to operate the ele- 
vators which will lift aircraft from the 
hangars below decks to the 252-foot wide 
flight deck. 

Each of the four elevators was built 
around three load carrying structural 
systems, with each system distinguished 
by the size of its main members which 
are aluminum I-beams. 

These beams were fabricated of 


these 


alu- 


1960 Corrosion Show 
Color Slide-Talk 


A show consisting of 108 color 
slides has been prepared showing 
some of the exhibits at the March 
15-17 Dallas exhibition. This 1960 
Corrosion Show color slide pres- 
entation will be accompanied by a 
commentary describing the exhibits 
and many of the items displayed. 

NACE Section program chairmen 
who are interested in using this in 
one of their programs may make 
bookings by writing to G. A. Rolak, 
1061 M & M Bldg., Houston 2 
Texas. 

The show gives members who 
were unable to attend the conference 
an opportunity to see some of the 
exhibits at what many have said was 
the best Corrosion Show held so far. 


minum plate that ranged up to 2 inches 
in thickness. Top surface of each ele- 
vator is a grating structure made by 
welding short lengths of T-shaped extrv- 
sions, spaced 11% inches apart, crosswis 
between 30-foot I-beams. This. systen 
rests on a secondary structure built 
of 16-inch deep I-beams. Entire weight 
of the elevator is carried by 10-foot deep 
beams that form the main supporting 
structure. 

Launching and christening of the 
Enterprise is scheduled for this month 
The 86,000-ton ship’s eight nuclear reac- 
tors are expected to operate five years 
on the first charge of fuel. The ship is 
designed to operate at sustained speeds 
of more than 30 knots. ; 

Aluminum extrusions and _ plate for 
the elevators were supplied by Alum 
num Company of America, Pittsburg 
10: Pa. 


Plastics Society Offers 
Activity Group Brochure 


“Profe $ 
Oppor- 


A new. brochure entitled 
sional Activity Groups—Your 
tunity to Grow Professionally in Plas- 
tics” is available from the Society 0 
Plastics Engineers, 65 Prospect St, 
Stamford, Conn. The brochure outlines 
the function, advantages, organization 
and operation of the activity groups ! 
general and gives the scope and sum- 
mary of activities of each of the current 
15 groups. ; 

The Plastics Society will begin publ- 
cation of a new quarterly scientific Jour 
nal entitled “SPE Transaction 
January, 1961. It will contain articles on 
basic polymer theory, science and él 
gineering. The Journal will contain ne 
advertising and will be available t 
members and non-members of the s 
ciety on a subscription basis. The Jour- 
nal is being designed to supplement the 
“SPE Journal,” the officia’ publication 
of the society. 





hy 


The basic 
instability 
state. Met 
natural st 
of corrosi 
analyze Yl 
oxide. Wh: 
ore, you fi 
forms of ¢ 
the equip! 


1, General 
occasional 
fected area 


9, Highly 1 


3. Crackin; 
of stress a 


4, Corrosio 
gaskets, OY 


5. Corrosic 
stituents le 


6. Corrosio 
different m 


In all of 
mentioned 
same basi 
to the elec’ 
cell, 


The electr 
responds 

which ma 
moisture 1 
akali or a 


The plates 
to the met 


A pote 
these meta 
same meta 
between t 
lrte and a 
that comp! 


At the a 
tion or ea’ 
when the 
of metal c¢ 
face and ¢€ 


The co 
charges, i 
travel thr 
the metall 


Briefly the 
there mus 
potential k 
on the sar 
electricity 
Next, a r 
anode and 
through d 
the anode. 
bea simul 
trons. Act 


} (nalone, ni 


‘ofes 
)por- 
Plas- 
y of 
cSt 
lines 
ation 
ps in 
sum 
rrent 


ubli- 
jour- 
in 
»S On 
| en- 
n no 
e to 
Jour- 
t the 
ation 


October, 1960 


RECORD AND REPORT 


Why metals corrode...and how you can prevent it 


The basic cause of corrosion is the 
instability of metals in their refined 
state. Metals tend to revert to their 
natural states through the processes 
of corrosion. For example, when you 
analyze rust, you will find it is iron 
oxide. When you analyze natural iron 
ore, you find it, too, is iron oxide. Six 
forms of corrosion which can attack 
the equipment you design are: 


1, General tarnishing or rusting with 
weasional perforations in highly af- 
fected areas. 


9, Highly localized attack by pitting. 


9 Cracking induced by a combination 
of stress and corrosion. 


4, Corrosion confined to crevices, under 
gaskets, or washers, or in sockets. 


5. Corrosion of one of an alloy’s con- 
stituents leaving a weak residue. 


§, Corrosion near the junction of two 
diferent metals. 


Inall of the six forms of corrosion 
mentioned above, corrosion has the 
same basic mechanism.. It’s similar 
to the electrochemical action in a dry 
cell, 


the electrolyte in the dry cell cor- 
responds to the corrosive media, 
which may be anything from the 
moisture in the air to the strongest 
alkali or acid. 


The plates of the battery correspond 
to the metal involved in corrosion. 


A potential difference between 
these metals or different areas on the 
same metal causes electricity to flow 
between them through the electro- 
lyte and a metallic bridge or contact 
that completes the circuit. 


At the anode, a destructive altera- 
tion or eating away of metal occurs 
when the positively charged atoms 
of metal detach from the solid sur- 
lace and enter the solution as ions. 


The corresponding negative 
charges, in the form of electrons, 
travel through the metal, through 
the metallic bridge, to the cathode. 


Briefly then, for corrosion to occur, 
there must first be a difference in 
potential between the metals or areas 
on the same piece of metal so that 
electricity will flow between them. 
Next, a release of electrons at the 
anode and a formation of metal ions 
through disintegration of metal at 
the anode. At the cathode, there must 


k a « ~ 
} a simultaneous acceptance of elec- 


‘tons. Action at the anode cannot go 


j “Nalone, nor can action at the cathode. 


CONTROLLING CORROSION 


When corrosion occurs because of 
the differences in electrical potential 
of dissimilar metals, it is known as 
galvanic action. Differences in poten- 
tial from point to point on a single 
metal surface causes corrosion known 
as local action. 


When you plan against galvanic 
corrosion it is essential to know 
which metal in the couple will suffer 
accelerated corrosion . .. will act as 
the anode in the corrosion reaction. 


The galvanic series table shown 
below can supply this information. 
In any couple, the metal near the top 
of this series will be the anode and 
suffer accelerated corrosion in a gal- 
vanic couple. The one nearer the bot- 
tom will be the cathode and remain 
free from attack or may corrode at a 
much slower rate. 


GALVANIC SERIES TABLE 
Magnesium 
Magnesium alloys 
Zine 
Aluminum 25 
Cadmium 
Aluminum 17ST 
Steel or tron, Cast Iron 
Chromium-iron (active) 
Ni-Resist 


18-8 Stainless (active) 
18-8-3 Stainless (active) 


Lead-tin solders 
Lead, Tin 
e 


Nickel (active) 
Inconel* (active) 
e 


Brasses, Copper, Bronzes 
Copper-nickel alloys, Monel * 
of 


Silver solder 
” 


Nickel (passive) 
Inconel (passive) 


Chromium-iron (passive) 
18-8 Stainless (passive) 
18-8-3 Stainless (passive) 


Silver 


Graphite, Gold, Platinum 


HOW TO USE THE CHART 


Notice how the metals are grouped 
in the galvanic series table. Any 
metal in one group can be safely used 
with any other, metal in the same 
group. However, when you start mix- 
ing metals from different groups, 
you may run into serious galvanic 
corrosion of the metal higher on the 
list. And the further apart these 
metals are listed, the worse this cor- 
rosion may be. 


But, if you have to mix metals, pay 
particular attention to the electrical 
contact between them. Eliminate any 
metallic bridges or contacts of metal 
to metal that will permit the flow of 
electrons through them. You can do 
this by separating the metals physi- 
cally, or by using insulation or pro- 
tective coatings. Another factor is 
the relative areas of the metals in 
contact with each other. Parts hav- 
ing the smaller area should be of a 
metal with a lower listing on the 
galvanic series table than the metal 
used for the larger area. 


When you plan against local action, 
remember that the corrosion process 
is galvanic: Electrons move from one 
point in the metal to another. One of 
the easiest ways to prevent local ac- 
tion is to use a metal with little or 
no impurity. When alloys are in- 
volved, make sure the constituents 
are closely listed in the galvanic 
series table. Local action may also 
be stopped by the use of protective 
coatings, which shield the metal from 
the corrosive media. Environment 
must also be considered, for its na- 
ture may be an important factor in 
either promoting or restricting cor- 
rosion. 


TECHNICAL ASSISTANCE 

As you can see, many factors are in- 
volved in both local and galvanic 
action. That’s why it’s best to bring 
your metal problem to Inco’s Corro- 
sion Engineering Service. Available 
data will be furnished wherever pos- 
sible . . . tests will be made where 
needed. Inco’s Corrosion Engineer- 
ing Service will be glad to apply 
principles of corrosion control to 
your specific problem. 


LITERATURE 


The publications listed below will 
provide more detailed information 
on how you can combat corrosion by 
using nickel-containing metals. 
Publication 
Number Name 
A232... Corrosion Problems in Nuclear 
Reactor Power Stations 
. Factors of Importance in the 
Atmospheric Corrosion Testing of 
Low-Alloy Steels 
. A Theory ot the Mechanism of 
Rusting of Low-Alloy Steel in the 
Atmosphere 
Corrosion by Some Organic Acids 
and Related Compounds 
. Some Observations of the Potentials 
of Stainless Steels in Flowing 
Sea Water 
A complete list of the-187 Inco pub- 
lications and technical bulletins on 
nickel-containing metals can be ob- 
tained by writing for “List A’, to: 


*Registered trademark 


The INTERNATIONAL NICKEL COMPANY, Inc. 
New York5,N.Y. 


67 Wall Street wed, 
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PROBLEM: THERMAL SHOCK 


The unique refractory properties of 
FOAMSIL eliminate the problem of insula- PROBLI 
tion cracking due to thermal shock. This FOAMSIL 





solved a problem for Silverstein’s Bakery, hydroflour 

Toronto, where chimney walls were overheat- | aainst acic 

és ing. Though the incinerator was not used § all kinds le 
PROBLEM: REFRACTORINESS continually, it was called on to withstand § apply it in 
At Consolidated Edison’s Arthur Kill Station, FOAMSIL protects flash temperatures as high as 1000°F and § wiphuric a 
concrete stacks from hot gases and fast deterioration. The life lower temperatures higher up the stack. The W. Va. FC 
expectancy of the 500-ft. stacks is increased because the 99 per cent old insulation was ripped out and FOAMSIL  § apors or li 
pure fused silica insulation stays impervious to acids and takes was installed in one working day. FOAMSIL § 3a tank li 
continuous operation up to 2000°F. (FOAMSIL withstands cyclic has a coefficient of expansion of only § tigh as 95 | 
temperatures ranging from —450°F to +1600°F.) Joints are sealed .00000035. The stack has gained more cross: § war to 480' 
with Pennsalt Chemical’s Synar silica cement to insure uniform section area since only 2% inches ol § tte qualitie 
insulation value. FOAMSIL were required. cement No. 
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solved major refractory and insulation problems for these users 
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PROBLEM: ACID EXPOSURE 


FOAMSIL is completely resistant to all acids except 
hydroflouric and hot phosphoric. This protection 
awainst acids and acid vapors, fumes and liquids of 
il kinds led Union Carbide Chemicals Company to 
apply it in piping, stack, and vessel applications for 
ulphuric acid at their plant in South Charleston, 
W. Va. FOAMSIL cannot become saturated with 
vapors or liquids. Carbide uses FOAMSIL insulation 
sa tank lining where the sulphuric acid content is as 
high as 95 per cent, and the temperatures sometimes 
war to 480°F. Two mortars that are compatible with 
he qualities of FOAMSIL are Pennsalt Synar silica 
cement No. 68 and FOAMSIL No. 1120. 


CORNING 


PROBLEM: LOW HEAT CAPACITY 


Pacific Scientific, Bell Gardens, Calif., used FOAMSIL to 
line a portable brazing furnace because of its lightweight, 
extra-support strength and resistance to heat. A saving of 
80 per cent or $80,000 over normal heating equipment was 
achieved because the use of FOAMSIL meant only a frac- 
tion of the usual firing equipment was needed. FOAMSIL’s 
low residual heat capacity and low heat storage capacity 
make it possible to heat materials to the necessary high 
temperature rapidly and remove heat quickly to allow the 
braze to set. Five inches of FOAMSIL does the work, 
leaving more working area in the 9] ft. x 21 ft. furnace which 
handles honeycomb aircraft and missile sections measuring 


12 ft. x 20 ft. and 4 ft. high. 


Use the coupon to get a testing sample: 

Test FOAMSIL for your most troublesome refractory or 
insulation application . . . from tank lining to insulation of 
furnace, oven or stack. FOAMSIL is available in block 
sizes 17” x 22” in a variety of thicknesses. Send for a free 
sample and literature to: Pittsburgh Corning Corporation, 
Department CO-100, One Gateway Center, Pittsburgh 22, 


Pa. In Canada: 3333 Cavendish Blvd., Montreal, Que. 
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HOT & COLD APPLIED COATINGS 


PIPELINE FELT, PADDING 
& GRASS PIPE WRAP 


ce RE Bice: 


TAPECOAT 


PIPE JOINT PROTECTION 


COMPANY 


M&M BUILDING 
HOUSTON - CA2-2203 


1038 4th Street, Gretna, La. 
FOrest 1-186] 


NATIONAL 


ASSOCIATION OF CORROSION ENGINEERS 


Vol. 


List Given of 28 Publications 
Containing Corrosion Literature 


\bout 28 publications concerned pri- 
marily with corrosion are available, ac- 
cording to a recent survey made by 
Hugh P. Godard, Aluminum Labora- 
tories, Ltd., Kingston, Ontario, Canada, 
who was immediate past president of 
NACE. 

he list given below includes several 
publications which are no longer printed 
but are of interest for reference pur- 
The list does not include the 
Russian publications listed on Page 40 
of the August CORROSION. 


pe ses. 
issue of 


Australia 

Australian Corrosion Engineering, P. O. 
30x 250, North Sydney, Australia, Vol. 1, 
1957 (monthly). 


Czechoslovakia 

Korose a ochrana materialu (Corrosion 
and Protection of Materials), Vyzkummy 
ustav ochrany materialu, G. V. Akimova, 
VV mestanskeho pivovaru 4, Prague VII, 
Czechoslovakia, Vol. 1, 1957. 


England 

Corrosion Prevention and Control, Hol- 
land House, 140 Cromwell, London, S.W. 
7, England, Vol. 1, 1954 (monthly). 

Corrosion Technology, Leonard Hill 
Limited, Stratford House, 9 Eden Street, 
London, N.W. 1, England, Volume 1, 
1954 (monthly). Formerly published with 
Chemical and Process Engineering 


France 

Corrosion et Anti-Corrosion, Les Presses 
Documentaires, 28 Rue St. Dominique, 
France, Vol. 1, 1953 (monthly). 

Journees sur la Corrosion des Metaux, 
Institut Francais du Petrole, 2 Rue de 
Lubeck, Paris 16e, France, first issue 1947 
(irregular). Supplement to Revue de l’in- 
stitut francaid due petrole et Annales des 
Combustibles liquides. 

Metaux et Corrosion, 32 Rue du 
Marechal Joffre, St. Germain en Laye, 
Seine et Oise, Vol. 1, 1925 (monthly). 
Discontinued with Vol. 7, No. 3 (1941) 
and replaced with Metawr, Corrosion, In 
dustries at same address. 


Pass’ 7, 


Germany 

Korrosion (Wahl Herstellung und Schutz 
des toffes der Apparaturen der Technik), 
a supplement to Chemische Apparatur, 
available from Verlag J. Springer, Berlin, 
Weinheim, Vol. 1, 1925, dis 
continued in 1943. 

Korrosion und Metallshutz, Verlag 
Chemie G.m.b.H., Bergstrasse, Weinheim/ 
Vol. 1, 1925. With Vol. 21, 
1945, this publication was con- 
tinued as Archiv fur Metallkunde (1946 
1o 1949), then continued as Werkstoffe 
und Korrosion, Vol. 1, 1950 (monthly). 

Dechema—lV erkstoffblatter from 1939. 
Decshema—IlV erkstoffberichte, WKurzrefer 
ate uber, Werkstoff-Fragen in der Chem- 
ischen, Technik—Beilage zur ‘“Chemischen 
labrick,” Verlag Chemie Weinheim/Berg- 
strasse, Vol. 1, 1935. Discontinued with 


Vol. 10, 1944 


Bergst rasse, 


Bergst rasse, 


No. 3/4, 


Holland 

Corrosie-Instituut, T.N.O. Circulaire, 
Corrosie-Instituut, Postbus 49, Delft, Neth- 
erlands, Number 3 issued December, 1952 
(irregular). 


Japan 

Corrosion Engineering, Japan Society ™ 
Promotion of Science, Committee of Pre- 
venting Corrosion, Ueno-Koen-chi, Taito. 
ku, Tokyo, Japan. Current issue: Vol. 9 
No. 7, July, 1960 (monthly). wd 


United States 

_ Corrosion Magazine, National Associa- 
tion of Corrosion Engineers, 1061 M & \f 
Bldg., Houston 2, Texas, Vol. 1, 1945 
(monthly). 

Corroston and Material Protection, Cor- 
rosion Publishing Company, 1131 Wolfen- 
dale St., Pittsburgh 12, Pa., Vol. 1, 1945 
(bi-monthly). Discontinued with Vol, 3 
No. 5, Sept-Oct, 1948. 

Readers are requested to submit addi- 
tions and corrections to this list to Dale 
Miller, Corrosion Magazine, 1061 M & Vf 
Bldg., Houston 2, Texas. 


New Plants 


F. W. Gartner Company, 3805 Lamar 
Ave., Houston 1, Texas, is expanding 
its plant facilities to include an auto- 
matic grit blasting room, lathes, grind- 
ers, exhaust system and a new drying 
system tor moisture and oil free air that 
are important in the metallizing proc- 
ess. The new plant is processing ce- 
ramic coatings for rocket nozzles with 
zirconium, 

o 
Monsanto Chemical Company, 445 Park 
Ave., New York 22, N.Y., has acquire 
about 650 acres of industrial land 11 
Gloucester County, N.Y., 20 miles 
southwest of Camden, N.J., on the Dela- 
ware River for development as a plant 
site. The new plant will be designed to 
increase the company’s phthalic anhy- 
dride capacity by over 30 percent and 
its phthalate ester capacity by over 30 
percent 

e 
E.I. du Pont de Nemours and Company 
is expanding its sulfuric acid plant at 
Wurtland, Ky., and is building a new 
bulk acid terminal near New Cumber- 
land, W. Va., to provide service 
the eastern Ohio and Pittsburgh areas 

e 1 
\ proposal has been placed before the 
Japanese government by Asahki-Dovw 
Limited, an associated company of the 
Dow Chemical Co., Midland, Mich., tor 
construction of a polyethylene plant 
Kawasaki, Japan. 


fae 
i 


% 
Carborundum Company, Niagara Falls 
N.Y., is operating its mew_ researc 
facility for work on the synthesis and 
fabrication of uranium carbide: 
plutonium carbide, a promising tue 
combination for nuclear power reactors 


8 

B. F. Goodrich Chemical Co., Cleve 
land, Ohio, plans to build a factory ™ 
Colombia to manufacture vinyl plastic 
materials in cooperation with Colombian 
participants. The Goodrich plant will be 
adjacent to the factory of. Planta 
Colombiana de Soda at Zipaquira, neat 
Bogota. The Colombian plant will sup- 
ply chlorine, one of the primary 1W 
materials used in making plastics. 
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Concrete Lined Pipe 
To Be Used for 
California Aqueduct 


Thirty-two miles of 40-foot concrete 
ined pipe sections will be laid as part of 
the Mokelumne Aqueduct in California. 
The aqueduct is one of a series designed 
19 provide fresh water to the Oakland 
area. 

The 32-mile conduit will require 
89 sections of the concrete lined pipe. 
Fach section will weigh 221% tons and 
will have an 87-inch inside diameter. 
The Mokelumne Aqueduct is a series 
{fresh water ducts. This 32-mile sec- 
ton is the second unit of the third 
sties of conduits reaching trom the 
Pardee Reservoir, east of Oakland, to 
the edge of the city. 

The first two Mokelumne Aqueducts 
we discussed in an article titled ‘‘In- 
trconnection of Pipe Lines Having 
Various Coatings” by David Hendrick- 
gn, published on Pages 212-216, 
Corrosion Magazine, Vol. 8, No. 6 (1952) 
June. 

The concrete lined conduit will be 
placed in a trench having a maximum 
lepth of 27 feet. Pipe sections will be 
velded with final concrete seals applied 
by troweling. Completion of this unit 
project is expected to require two years. 
The project is being handled on a 
joint basis involving four companies: 
Contracting and Material Co., Evanston, 
lil, Kenney Construction Co., Skokie, 
Ill, Foster-Marsch Corp., Pittsburgh, 
Pa, and Graver Tank & Mfg. Co., East 
hhicago, Ind. Graver has the responsi- 
bility for providing the concrete coated 
steel pipe. The other companies will be 
in charge of the necessary trenching, 
laying-in and backfilling. 


Galvanizing Conference 
To Be Held in Switzerland 


The sixth international conference on 
lot dip galvanizing is to be held in 
witzerland at the Kursaal, Interlaken 
on June 4-9, 1961, instead of in France 
is originally planned. 

Over 20 papers are scheduled for 
presentation to cover such topics as 
‘orks practice, properties and corrosion 
resistance of galvanized coatings, weld- 
ug galvanized steel, metallurgy of gal- 
‘anizing, after-treatments and_ heating 
t galvanizing baths. 

_ Preprints of the papers will be issued 
in French, German, Italian and English. 
Jral presentations of the papers will be 
‘imultaneously translated into the same 


| ‘our languages at the technical sessions. 


Plumbing Short Course 


i : Third Short Course on Plumbing 
toblems will be held October 27-29 
at the University of Michigan School 
t Public Health, 109 South Observa- 
ory St, Ann Arbor, Mich. The course 
‘sponsored by the University of Michi- 
san College of Engineering and_ the 
Michigan Department of Health. 
Included in the program will be a 
‘scussion on the use of plastics in 
plumbing and a showing of the Interna- 
‘onal Nickel Company film “Corrosion 
n Action.” ; 
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Control Board of coating and wrapping schedules in the Plant Office. 


Working for You at 


S&S fail 


All these people and many others, each 
skillfully trained for his particular job, 
are working on your pipe. Each one is 
seeing to it that your pipe is coated and 
wrapped precisely to your specifications, 
and that it is shipped at the exact time 
and to the exact place that you have 
requested. 


President Baird checks 
on final shipment. 


Efficient office force keeps adequate records V.P. Wilson discusses plans 
to prevent any error in filling your order. with V.P. Vondrasek. 


Count on SPI to co-ordinate their work to your job 


standard pipeprotection inc. 


3000 SOUTH BRENTWOOD BLVD. -« ST.LOUIS 17, MISSOURI 
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AIR SUPPORTED STRUCTURES large enough to house the largest missiles in horizontal 

or vertical position are made of a vinyl coated nylon fabric which is supported by low 

pressure air from high volume blowers. The large dome is as high as a nine-story build- 
ing with a diameter of 150 feet. 


Vinyl Coated Nylon Fabric Used 


For Temporary Air Structures 


Temporary air structures for protec- 
tion of equipment, material and outdoor 
displays have been designed from a 
vinyl coated nylon material which is 
supported by low pressure air from 
blowers 

Sizes of the structures range from 20 by 
30 by 10 feet high to one that is as high 
as a nine-stoy building with a 150-foot 
diameter (the large dome in the accom 
panving photograph). This larger struc- 
ture is being used as a missile mainte- 
nance shelter at Andrews Air Force 
Base near Washington, D. C. Heavy 
equipment can be moved in and out of 
the structures through pressure locks. 

The structures are designed to with- 
stand winds of hurricane force and tem- 
peratures as low as 40 degrees below 
Zero: 

The 150-foot diameter main dome 
shown is designed to accommodate 
today’s largest missiles in horizontal or 
vertical positions. The combination fab- 
ric was developed by Sawyer Coated 
Fabrics Division of Farrington Texol 
Corp., Watertown, Mass. 

\ similar structure called the Penta- 
dome was engineered, designed and 


Make SEA WATER | 
-ANYWHERE! 


SEA RITE SALT 


for CORROSION STUDIES 


41% oz. Sea Rite Salt crystals in 
one gallon tap water produces lab- 
oratory sea water quickly, inexpen- 
sively. Provides uniform, constant 
results based on 77 composite an- 
alysis. Immediate delivery — any 
quantity. Technical literature on 
request. Write, wire, phone now! 


LAKE PRODUCTS CO., Inc. 
ST. LOUIS 25, MISSOURI 


fabricated by Birdair Structures, Inc., 
Buffalo, N. Y. 

Smaller air structures are manufac- 
tued by Hoosier Tarpaulin and Canvas 
Goods Company, Inc., 1302 West Wash- 


ington St., Indianapolis 6, Ind. 


AluminumPanelsUsed 
To Make Portable 
Jet Landing Strips 


Portable landing strips for high speed 
tactical jets have been fabricated of 
welded aluminum panels for use by the 
U. S. Marine Corps. The panels can 
be airlifted by helicopter or unloaded 
across a beach and assembled quickly to 
convert open country into smooth land- 
ing fields. 

The airstrip surface made of high 
strength aluminum sheet resists the hot 
jet blasts and the impact from carrier- 
type landings. (See accompanying 
photographs.) 

The panels were developed by modi- 
fying a basic landing mat section pro- 
duced and used early in the 1950's. The 
corrugated aluminum sheet design of 
this earlier mat had demonstrated good 
corrosion resistance and high strength. 
The sections are mechanically joined 
lengthwise (12 by 2 feet panels). Each 
panel has 27 downward curving fingers 
along one side and slots along the other. 
The fingers of one panel are forced 
through the slots of an adjoining panel 
for couplings to withstand the jet air- 
craft landings. 

For end-to-end couplings, butted ends 
are bolted together with aluminum bolts 
seated by an impact wrench. 

Sandwich construction was used on 
the sections to obtain a strong surface 
free of depressions and holes in which 
dirt and debris could collect and then 
be sucked into the jets’ intakes to dam- 
age the engines. 

Aluminum for the panels was supplied 
by Aluminum Company of America, 
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Data Processing Devices 
Take Phone Calls on Cards 


A low cost data processing deyice 
that answers the telephone and takes 
messages in the form of punched cards 
has been developed by International 
Business Machines Corp., 112 East Pog 
Road, White Plains, N.Y. . 

The system transmits both fixed data 
from pre-punched cards and variable jn. 
formation keyed in manually on 4 
keyboard. The receiving station accepts 
the data, simultaneously punching it 
into cards which are then ready for 
processing by an IBM computer or ac- 
counting machine. The system is de- 
signed for use in any size organization 
with one or more locations. Telephone 
lines are used for the inter-system com- 
munications, whether within a company 
office or across the country. ‘ 


German Standards Available 
In English Translations 


Four English translations of German 
standards on non-ferrous metals have 
been published. They are (1) 1709 Sheet 
2, Copper-base coast alloys; cast brass 
and cast special brass, composition, 
December, 1953, (2) 1712 Sheet 4, 
Highest grade aluminum and_ alloys 
produced with it, December, 1953, (3) 
1714 Sheet 2, Copper-base cast alloys; 
cast aluminum bronze. and _ cast 
aluminum bronze with additionals, com- 
position, December, 1953, and (4) 1719, 
Materials; lead, April, 1951. 

The translations are available from 
Deutscher Normenausschuss, Berlin W 
15, Uhlandstrasse 175. 


Packaging Short Course 


A short course on industrial packag- 
ing will be held March 20-31, 1961, on 
the Purdue University campus, Lafay- 
ette, Ind. Additional information can be 
obtained by writing Mark E. Ocker, 
Division of Adult Education, Memorial 
Center, Purdue University, Lafayette, 


Ind. 


ALL-ALUMINUM landing strips have 

been designed for portable use to han- 

dle jet aircraft landings. Mechanically 

joined, the panels are of a sandwich 

type construction with a corrugate 

sheet core enclosed by an aluminum 
alloy sheets. 
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Introducing 


~— Coal Tar Coating 
het rf =—Pre-Saturated 
High Tensile Fabric 


————- Coal Tar Coating 
(Exploded View) 


A Coal Tar LAPEGOATing 
that Provides 
Single-Wrap Protection 
PLUS 
an Outer Wrap 


—— Polyester Film 


® It’s more than just a coal tar coating! 


* It’s designed for single-thickness 
application! 


* It has advanced features of uniformity! 
* It assures greater coverage! 
x It includes a tough outer wrapper! 


* It combines 20 years of manufacturing 
and field application experience! 


x It gives superior protection with 


greater economy! 
View of specially-designed machine developed after five years 


Write for the complete details today. of research by Tapecoat engineers to convert raw materials 
automatically into TAPECOAT 20. 


See Us in 


gx le TAPEC OAT Company | wom. 


ORIGINATORS OF COAL TAR COATING IN TAPE FORM 
AGA Convention 


1529 Lyons Street, Evanston, Illinois 
Telephone: DAvis 8-5220 


Sales and Service Offices in New York, Pittsburgh, Charlotte, Birmingham, Houston, Lincoln, Tulsa, 
Minneapolis, Salt Lake City, San Francisco, Los Angeles, Seattle 
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THREE-PLY RUBBER LINING is applied 
to this pickling tank for protection 
against corrosive acids. This large tank 
was designed as part of a 391-foot unit 
used for removing surface scale and 
rust from steel ribbons before they pass 
through cold rolling mills. 


Thick Rubber Linings 
Applied to Protect 
Large Pickling Tanks 


Large pickling tanks in which surface 
scale and rust are removed from steel 
ribbons before they through cold 
rolling mills are protected from the cor- 
acids and its fumes by thick rub- 
ber linings. Workmen are shown in the 
accompanying photograph applying a 


three-ply course of acid resistant rubber. 


pass 


rosive 


The rubber is applied to each section 
of the tank which may contact the cor- 
rosive pickling acids. Each section then 
is vulcanized in a large autoclave to ob 
tain a permanent bond of the lining to 
the steel and to insure maximum chemi 
cal resistance. 

When the rubber lined 
welded together to form the 
tank, 12 inches of acid brick sheathing 
is placed on the inside walls and bot 
tom for protection against physical dam 


LET Crewe WORK FOR YOU 24 


sections are 


pickling 


“NATIONAL ASSOCIATION OF 


age and high acid 
solution. 

The tank shown in the photograph is 
part of a 391-foot pickling unit produced 
by Goodyear Tire & Rubber Company 
for U. S. Steel’s Tennessee Coal & Iron 
Division at Fairfield, Ala. 

Tanks, covers, duct work, walkways, 
fume scrubbers, blowers, exhaust stack 
and side guides for the pickling unit 
were made of and lined with the 
three-ply protection against 
corrosion acid and its fumes. 


Pre- Assembled Units 
To Be Conference Topic 


“Pre-assembled 


temperature of the 


steel 
rubber for 
from the 


Components in Build- 
ing” will be the theme of the three-day 
conference of the Building Research In- 
stitute to be held November 15-17 at 
the Shoreham Hotel, Washington, D. C 

The conference also will include dis- 
cussions on structural foams and a con- 
ference workshop on_ fasteners and 
anchorage devices for industrial curtain 
walls. 

Preliminary program and registration 
material can be obtained by writing 
Milton C. Coon, Jr., Executive Director, 
Building Research Institute, 2101 
Constitution Ave., N.W., Washington 
25, OD. &. 


industrial Finishes Show 


To Be Held in England 


The First International Industrial 
Finishes Exhibition will be held at Earls 
Court, London, May 8-11, 1961. The 
exhibition will feature equipment, ma- 
terials, plant and processes used in the 
industrial finishing field and exhibits on 
metal pre-treatments, paints and their 
application, electroplating, galvanizing, 
metal coloring, anodizing, plastic cover- 
ing, mitreous enamelling, shot blasting 
and vacuum deposition. 

Exhibition is being organized by the 
Exhibition Division of Scientific Sur- 
veys Ltd. 97 Old Brompton Road, 
S.W. 7, L ondon, England. 


HOURS A DAY TO PROTECT YOUR 


OFFSHORE EQUIPMENT AGAINST COSTLY CORROSION 


Write or 


Two-tisted Coreco protection pays for itself 
many times. Whether your problem is better 
solved by rectifiers or magnesium anodes, our 
engineers have the knowledge to determine 
lowest overall installation and operating costs. 
It costs you nothing to check with Coreco 
engineers. r 


Li 
phone today for COSTS > 
INSTALLATIONS - 
Corrosion Rectifying Co., Inc. 


5310 ASHBROOK + MO 7-6659 
HOUSTON 36, TEXAS 


SURVEYS + DESIGNS 


MATERIALS 


CORROSION ENGINEERS 


Vol, 16 


ACID INHIBITOR added to the clean- 
ing bath used on aluminum bolt on 
right prevented corrosion damage. Both 
bolts were immersed in the same 

strength muriatic acid for 24 hours, 


Muriatic Acid Inhibitor 
Developed for Cleaning 


A new corrosion inhibitor for muriatic 
acid has been developed for immersior 
cleaning. Metals susceptible to acid at- 
tack such as galvanized sheet or alumi- 
num can be cleaned without corrosio1 
damage, according to the manufacturer 
The inhibitor is soluble in concentrated 
hydrochloric acids. 

The accompanying photograph shows 
two aluminum bolts immersed in two 
acid baths of the same strength for 24 
hours. The bolt on the right was im- 
mersed in the acid to which the inhibitor 
was added and shows no corrosive dam 
age. 

Called Unicon, the inhibitor was de- 
veloped by oe Unlimited In- 
corporated, 328 Broadway, Passaic, N. J 


Focus on Plastics 
in 
Process Equipment 


The November issue’s Technical 
Topics Section will be devoted to 
discussing the use of plastics for 
process equipment, Other intere sting 
articles on plastics will be featured 
in that issue also. 


Australian Corrosion Group 
To Hold First Conference 


The first conference ot th 
Australian Association for Corrosio! 
Prevention will be held in Melbourne 
Australia, October 31-November 3 
Technical sessions will be devoted t 
practical and_ theoretical methods 
corrosion control. Plant inspections an¢ 
social events will be included as pat! 
of the conference program. 

& 
Northeast Region’s 1960 ¢ ‘onference will 
be October 11-14 at the Prichard Hotel, 
Huntington, W. Va. 


annual 


a 
The 1960 North Central Region Conference 
will be held Oct. 19-20 at the Schroeder 
Hotel in Milw aukee, Wis. 

e : 
sibliographic Surveys % 
extend from 1945 to 199 
available upon request. 


NACE’s 
Corrosion 
Prices 
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Out in the Permian Basin, where blowing sand 
and sour crude work internally and externally 
to make corrosion control problems doubly dif- 
ficult, you'll find a Napko Sales Technician, 
making sure that his customers have the best 
coating with the longest possible life span. 
Specifications calling for Napko Industrial Coat- 
ings not only give you superior formulations, 


PROJECT SERVICES OF 
NAPKO CORPORATION 


Climatic-Operational Analysis 
Lab Testing & System Research 
Field Testing 

Paint Crew Training 

Job Inspection in Progress 


Case History for Repaint 


AND REPORT 


Ee aeeen ened 
were’ Napko’s Bill Gill , at actual job site. 


HE FIGHTS 
CORROSION 
IN THE 

OIL 

PATCH 


Bill Gill 


Industrial Sales — Odessa 


but responsible follow-through service, de- 
livered by an expert trained in corrosion pro- 
tection—that one crucial ingredient that doesn’t 
come in the can. Whether your particular cor- 
rosion problem is salt water or sour crude, 
petro-chemicals or caustic, there’s a Napko 
Coating to solve it for you. Just call your near- 
est Napko Industrial Sales Office. 

WRITE FOR INDUSTRIAL CATALOG 


Complete Coating Systems fr 


every Industrial ‘Tigient 
Wey Wye 


SS 


CORPORATION 


INDUSTRIAL COATINGS DIVISION 


P.O. BOX 14126 * HOUSTON 21, TEXAS 
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~ <QMCHEM> Information Bulletin 


Facts i 
about pickling acid | 
inhibitors 


Nearly 40 years ago Amchem developed the 
first pickling acid inhibitor -RODINE —and 
with it revolutionized acid pickling. Only a few 
of the steel mills of the time believed that the 
addition of less than one percent RODINE to 
a sulfuric acid pickling bath could save sub- 
stantial amounts of acid and metal, while 
increasing the life of the bath. Today there 
is no mill chemist who does not know about 
RODINE and its proven performance in elimi- 
nating waste of valuable metal and acid, and 
its ability to pay for itself through the savings 
thus gained. 


In the past few years much attention has been 
focused on the use of wetting agents to accel- 
erate pickling. But the fact remains that 
pickling cycles cannot be reduced by the use of 
wetting agents alone without severe overpick- 
ling problems. Wetting agents do help the acid 
run off surfaces removed from pickle baths, 
and, in so doing, reduce carry-over of acid 
into the rinse. 


Wetting agents should not be confused with 
inhibitors to protect the metal and save acid 
wasted in pitting it. They should not be 
expected to miraculously speed the removal of 
scale, even at the expense of wasting the 


metal. However, the proper combination of 
real inhibitor plus correct wetting agent can 
have beneficial effects on pickling practices. 


Only a true inhibitor such as RODINE can 
offer steel producers solid advantages in pick- 
ling. Baths can be operated longer and less 
acid is required to keep them at desired con- 
centration. Costs of charging and cleaning the 
bath are reduced, less handling and storing of 
acid is required. A RODINE bath produces 
far fewer rejects —steel emerges with uniformly 
smooth, bright clean surfaces, free of pits, 
blisters and smut. 


When an Amchem Technical Representative 
enters your pickle house, you can be assured 
of experienced assistance in improving your 
pickling. He will recommend the proper 
RODINE to 1) prevent needless consumption 
of acid after scale removal, 2) prevent smutting, 
pitting and overpickling, 3) produce a stable, 
free-rinsing foam blanket, 4) improve rinsa- 
bility and reduce carry-over, and 5) produce 
a brighter, cleaner surface. Only the Amchem 
Representative can do this for you because he 
has at his command the most widely diversi- 
fied and accepted line of real inhibitors and 
correct wetting agents available. 
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Since the early days of pickling acid inhibitor 
development, scientists in the Amchem Metal 
Protection Laboratories have constantly 
studied methods to make the RODINES 
stronger, more effective and more economical 
to use. The RODINES of today, as of 40 years 
ago, are in a Class by themselves, have devel- 
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oped a reputation as the international standard 
in acid pickling inhibitors. The fruit of these 
years of laboratory research and experience in 
a highly specialized field, and the assistance of 
Amchem’s trained field representatives —spe- 
cialists in acid pickling techniques—are at 
your disposal for the asking. 


How Rodine Retards Acid’s Attack on Metal 


The photographs and microphotographs displayed on this page 
represent a graphic description of results demonstrating the effec- 
tiveness of RODINE in retarding the attack of acid on the metal. 
NO WEIGHT DIFFERENCE—two identical panels of low-carbon steel 
are shown being weighed here. They balanced the scale. 


RODINE SAVES METAL—Both descaled panels were removed from 
the acid pickle solutions after 5 minutes. The one pickled in the 
uninhibited acid had lost 1.4% of its original weight. The one 
pickled in the RODINE-inhibited acid had lost only 0.001% of its 
original weight. This represents a saving of 26 Ib. of steel for each 
ton pickled; and a simultaneous saving of nearly 50 Ibs. of 66° Bé 
sulfuric acid when RODINE is used to inhibit the acid. 


-@ RODINE 


Amchem and Rodine are registered trademarks of AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 


RODINE MINIMIZES ACID ATTACK—Each descaled panel was placed 
in a beaker containing 10% by volume of 66° Bé sulfuric acid of 
160° F. The acid in the right-hand beaker was uninhibited. Acid in 
left-hand beaker was inhibited with RODINE 82, 14% by volume of 
the concentrated acid. There was little or no hydrogen evolution in 
this beaker . . . RODINE retarded the attack of the acid on the 
base metal. 


EFFECT OF UNINHIBITED ACID 
ON THE PANEL —This micro- 
photograph of the low-carbon 
sheet steel pickled in the un- 
inhibited acid shows deep pits 
and the crystalline character of 
the surface after 5 minutes in 
the solution. 


EFFECT OF RODINE-INHIBITED 
ACID ON THE PANEL — This 
panel was pick'ed for 5 minutes 
in the RODINE-inhibited acid, 
then microphotographed. Only 
scale pockets and roll marks are 
visible; no pitting of the low- 
carbon sheet steel occurred. 


AMBLER, PA. « Detroit, Mich. * St. Joseph, Mo. ¢ Niles, Calif. * Windsor, Ont. 
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NEW PRODUCTS 


Equipment 
Services 


Coatings, Application 
Equipment 


Epoxy resins can be sprayed onto most 
surfaces for coatings of almost any de- 
sired thickness with a new hand-held 
plasma jet spray gun, according to the 
manufacturer, Plasmadyne Corp., 3839 
S. Main St., Santa Ana, Cal. Called the 
Plasmatron jet spray gun, it gives good 
penetration of the resins for coating 


NATIONAL 


such complex items as electric motor 
stators and rotors, according to Plasma- 
dyne engineers. 
& 

Elimination of a purge cycle, pile-up 
and clogging is claimed for a new spray 
designed to apply foam-in-place insula- 
tion such as rigid urethane foam and 
similar types of materials. Manufactured 
by the DeVilbiss Company, Toledo 1, 
Ohio, the spray gun mixes materials 
outside the gun, thus permitting mixing 
of fast setting components after they 


TRANSWESTERN 
IS BUILDING 


FOR 


The Transwestern Pipeline Company line, with 1600 miles 
under construction from Fort Stockton, Texas and the Texas 


Panhandle 


to near Needles, California, will serve West Coast 


consumers with natural gas for many, many years to come. 
Its underground lines and structures are being installed with 
coal-tar enamel coating for high integrity electrical insula- 
tion and life-long corrosion protection. Reilly Hot Service 


Enamel 


with HS X-10 Primer 


and Reilly Intermediate 


Enamel with Q.D. Primer have been specified along with 
Coal Tar Enamels of other manufacturers and will serve as 


the engineering 


material of choice for corrosion mitigation. 


REILLY TAR & CHEMICAL CORP. 


1615 Merchants Bank Building 


Indianoplis 4, Indiana 


Protective Coatings 


ASSOCIATION OF CORROSION ENGINEERS 


Materials 
Literature 


leave the nozzle. Spraying of othe; 

catalyst type materials is being enen 
The foam spray unit includes a paint 
heater with attached air transformer, 
two 10-gallon catalyst type pressure feed 
tanks, a two-gallon cle aning tank, two- 
component catalyst spray gun and nec- 
essary hose and attachments. 


Coatings, Organic 


Corrosion resistant properties of virgin 
leafed metallic lead have been added t 
epoxy based systems through a ney 
treatment of standard leafed metallic 
lead pigment developed by Metalead 
Products Corp., Box 5, Station A, Pak 
Alto, Cal. This is a stearic-free dry = 
metallic pigment of the ductile met 
The resulting epoxy composition can 
be applied by trowel, brush or spray, 
according to Metalead Products. 

e 
brittleness and the re- 
sultant stress cracking is claimed for a 
flexible, amine-cured epoxy protective 
coating system developed by the Carbo- 
line Company, 32 Hanley Industrial 
Court, St. Louis 17, Mo. Known as Car- 
boline Epoxy 188, the new system is 
recommended for maintenance protec: 
tion in severe acid, alkaline and salt 
exposures. It can be applied over power- 
tool cleaned and sandblasted surfaces 
and is compatible with tight, residual 
epoxy coatings. It is applied at. thick- 
nesses from 3 to 4 mils per coat. 

e 

Paints designed for decorative purposes 
with chemical and heat resistant propet 
ties are described in technical bulletins 
available from Subox, Inc., Fairmount 
Plant, Hackensack, N. J. Other bulle- 
tins describe paints designed to give a 
dry film thickness equal to two stand- 
ard coats with only a single brush or 
spray application. 


Elimination of 


e 
Epoxy protection of pipe fittings, sup- 
ports and other pipe hardware by eco- 
nomical spray application before ship- 
ment to the field is accomplished by ust 
of Scotchkote 101, a one-part powdered 
epoxy resin, according to the manutac- 
turer, Minnesota Mining and Manufac- 
turing Co., 900 Bush Ave., St. Paul 6, 
Minn. Recently made available as 4 
mill coating for pipe, this epoxy can 
be applied to fittings with portable 
equipment. Sprayed on_ heated parts 
with a flocking gun, the resin flows 
evenly to give a uniform, smooth coat- 
ing which cures in less than 60 seconds, 
according to Minnesota Mining. 

e . 
Coatings designed for minimum inter 
ruption maintenance in the food, chem- 
cal and paper industries are described 
in Bulletin P-57, available from Wilbur 
& Williams Company, 650 Pleasant, >t. 
Norwood, Mass. Some of the coatings 
included are epoxy, synthetic rubbe 
and liquid zinc coatings and synthet ic 
coatings for sub-freezing maintenance 
painting such as is necessary in frozen 
tood lockers. 

e 
Protective coatings that cure at room 
temperatures for lining tanks that han- 
dle high purity water at temperatures 


a 50) 


(Continued on Page 
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after 2 years of chemical spills and weather... 


HYPALON® Tank Truck Finish Shows No 


Damage...Stops Corrosion 


resilient material with outstanding 
resistance to acids, alkalies and strong 


for 2 years, the HYPALON coating on 
the exterior of this tank truck has with- 
stood the daily ravages of 73% caustic 
oda spillage and year-round outdoor 
exposure... with no sign of damage. 

When the truck was first put into 
vervice, caustic soda spillage at 130° F 
(eteriorated the original finish in a 
lew weeks. To protect against inevi- 
table rust and corrosion, the tank and 
undercarriage were recoated with 
ypaLton. Now spilling and splashing 
-plus 24-hour-a-day weather exposure 
~are no longer a problem. The carrier 
reports that HYPALON is the only coat- 
ing they have found that can take this 
kind of punishment. 

Hypaton, a DuPont synthetic 
tthber, meets industry’s need for a 


REG. u. Ss. PAT. OFF. 


oxidizing chemicals. Linings and coat- 
ings can withstand intermittent temper- 
atures as high as 350° E They are 
ozone-proof and resist abrasion, sun. 
weather, flame, oil and grease. For 
exterior coatings, HyPALON can be 
formulated in a range of attractive 
colors that resist discoloration. 

Ask your coatings supplier about 
HYPALON coatings or write for your 
free copy of PROTECTIVE LININGS AND 
Coatincs. This comprehensive bro- 
chure is designed for engineers with a 
corrosion problem. FE. I. du Pont de 
Nemours & Co. (Inc.), Elastomer 
Chemicals Department C-10, Wilming- 
ton 98, Delaware. 


Finish on this caustic soda tank truck 
(upper area washed to show excel- 
lent condition of HYPALON coating) 
shows no damage after 2 years’ serv- 
ice. Spillage like this destroyed 
standard finish within weeks. 


HY PALON 


SYN ?T FE Tie 


Better Things for Better Living .. . through Chemistry 


RUBBER 
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WHICH PENTON’ PIPE |1S 


SOLID 


PENTON PIPE: 


A rigid, uniform pipe produced by 
extrusion, and available in sizes 
from 1%” to 2” in either Schedule 
40 or Schedule 80, in lengths up to 
20 feet. Use in conjunction with in- 
jection molded, solid Penton fit- 
tings with socket or threaded con- 
nections (see diagram below). Pro- 
vides both interior and exterior 
high temperature corrosion control. 
Today’s most versatile, all-plastic 
pipe. 


THREADED... 


This 1” Penton pipe at Halby Chemical Company, Wil- This 3 
mington, Delaware, carries thyoglycolic acid and ether, has carbon 
withstood steam-cleaning and outdoor exposure for more } than 0 
than nine months of service. The plastic pipe previously in at tem 
use failed quickly from steam-cleaning and summer heat. change 


Penton pipe and solid Penton fittings by Tube Turns, Louisville, Kentucky. Penton: 


WE 3 


Penton pipe and fittings, used in combination with posed 
other readily available Penton components for chem- reagen 
ical processing, now make it possible to design 4 for Per 


COMPLETE CORROSION CONTROL complete anti-corrosion system based on this versa- Guide, 


Inside and outside 


OR SOCKET HOT GAS WELDED. 


tile high temperature thermoplastic. Write for your 


High t ture istance to a broad range 

a alae caddie ee copy of ““The ABC’s of Penton for Corrosion Resist- 
Easily fabricated ance,”’ which rates Penton’s performance when ex-_ } HER 
Resistant to chemical atmospheres 


*Hercules trademark for chlorinated polyether 
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BEST FOR YOU? 


This 3’ Penton-lined pipe carries a chlorinated product in 
carbon tetrachloride, 0.1°% to 3°; hydrogen chloride, less 
than 0.1°% chlorine, and occasional saturation with water, 
at temperatures ranging from 165°F. to 185°F. It shows no 
change after more than 10 months in continuous use. 


Penton-lined pipe by Saran Lined Pipe Company, Ferndale, Michigan. 


posed to over 280 different chemicals and chemical 
reagents. Complete information on current sources 
for Penton products is listed in ‘“The Penton Buyer’s 
Guide,” also available upon request. 


Cellulose Products Department 


HERCULES POWDER COMPANY 


INCORPORATED 


Wilmington 99, Delaware 


LINED 


PENTON PIPE: 


Steel pipe with a heavy Penton lin- 
ing, available in sizes from 1” to 6” 
I.P.S. outside diameter, in lengths 
up to 10 feet. Joined by flanged 
gasket connection (see diagram be- 
low), it can be cut and fitted in the 
field without difficulty. Combines 
the outstanding high temperature, 
corrosion resistance of Penton with 
the structural strength of steel. 


ea 
GASKET 


PENTON 
CASING LINER 


THE STRENGTH OF STEEL 


and the properties of Penton 
Excellent corrosion resistance at elevated 
temperatures 
“conomically installed 
Safe, durable, and strong 
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NEW PRODUCTS 


(Continued From Page 46) 

the 200 F range are described in Tech- 
nical Bulletin M-7 available from Wis- 
consin Protective Coating Corp., Green 
Bay, Wis. The bulletin gives six-year 
service records on Plasite 7155, which 
is designed for high temperature brine, 
caustic solutions and solvents. 


Filters 


A wet type dust collector without mov- 
ing parts to provide maximum efficiency 
in cleaning air streams has been de- 
veloped by the Metal Fabricators Divi- 
sion of the DeVilbiss Company, Toledo 
1, Ohio. Called the Uni-Wash dust 
collector, the new unit removes con- 
taminants from the air stream and de- 
posits them as a wet sludge for manual 
or automatic removal from the units. 
Ae 

Stainless steel cores for liquid filter 
cartridges in installations having chemi- 
cal or corrosive conditions are available 
for the Feutron filter cartridge made by 
American Felt Company, 2 Glenville 
Road, Glenville, Conn. The core is made 
of Type 304 stainless steel. 


Instruments 


Measurement of the moisture content 
in hydrogen streams can be made with 
a new electrolytic hygrometer cell, man- 
ufactured by the Scientific and Process 
Instruments Division of Beckman In- 


Du Verre 


Completely 


Controls 


Corrosion 
in New S&K 
Gas 


Scrubbers 


Now du Verre resin 
bonded fiberglass construc- 
tion adds superior corrosion 
resistance to Schutte and 
Koerting’s efficient Ejector- 
Venturi Scrubbers. Widely 
used throughout the process industries, 
SK 4010 units move large quantities of 
air and gas at low draft. They effectively 
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struments, Inc., 2500 Fullerton Road, 
Fullerton, Cal. The new cell is designed 
to remove and electrolyze most of the 
water from hydrogen gas streams with 
an insignificant amount of recombina- 
tion. Beckman also is marketing a port- 
able sulfur dioxide acrylyzer (automatic 
chemical reagent addition analyzer) de- 
signed to monitor and record low con- 
centrations of sulfur dioxide in the 
atmosphere. 

e 
Stable amplifying of microvolts for 
operating strip chart recorders, indi- 
cators and other read-out devices can 
be accomplished by use of a new servo- 
amplifier Model SA-60C-4, manufac- 
tured by Schaevitz Engineering, P. O. 
Box 505, Camden, N. J. These units are 
designed to use the power of differential 
transformers or other sensing elements 
to actuate relays, small motors or for 
loads sensitive to phase inversion. 

e 
Continuous stream analyzers are de- 
scribed in a catalog available from 
Beckman Instruments, Inc., 2500 Fuller- 
ton Road, Fullerton, Cal. Included are 
industrial gas chromatographs, oxygen 
and infrared analyzers, electrolytic hy- 
grometer, dissolved oxygen analyzer, 
flow colorimeter and a thermal conduc- 
tivity gas analyzer. 


Metals, Non-Ferrous 


Longer electron tube life is one of the 
advantages claimed for cathode materi- 
als made by compacting metal powders 
of closely controlled composition. In 
this new process developed by Sylvania 
Electric Products, Inc., 730 Third Ave., 
New York 17, N. Y., high purity nickel 
or nickel with alloying powders is 


remove dust and particulate 
matter, obnoxious vapors 
and corrosive gases. 

Besides complete cor- 
rosion control, du Verre 
construction offers many 
other important advantages: 
Unlike lined equipment, 
venturi and jet can be accu- 
rately machined for more 
efficient operation. Erosive 
action of the high velocity 
venturi jet is minimized, 
even at temperatures 
approaching 300° F. High 
strength coupled with low 
weight eases handling and 
installation. The 
elaborate supporting steel is 
eliminated. Complete corro- 
sion resistance on both 
exterior and interior surfaces 
eliminates need for painting 
and maintenance. 


need for 


Investigate the many 
advantages of du Verre corrosion-resistant 
ducts, stacks, hoods, tanks, trays and 
specially-fabricated process equipment. 


Write for Bulletin 101 Today! 


du Verre, incorporated e Box 37-L, Arcade, N.Y. 
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packed, sintered and rolled into stri 
from which cathodes are formed, _ Ds 
. ‘ 

A high strength, corrosion resistant cop. 
per alloy that includes the desired oak 
ties of silicon bronze is being produced 
by American Brass Company, Water. 
bury, Conn. Called Cunisil-837, jt a 
alloy of 97.50 percent copper, 1,90 per. 
cent nickel and 0.60 percent silicon It 
has high tensile and_ yield strengths 
high electrical conductivity, good ta 
sion resistance and good cold-forming 
characteristics before the hardening heat 
treatment, according to American Brass, 


en 


Plastics 
<ddeditiibiamasenidionainieieiinces a 


Thermal and chemical stability of fluoro- 
carbons have been designed into Penn- 
tube III, a new line of spaghetti tubing 
and monofilament extruded from a 
clear, modified  trifluorochloroethylene 
polymer by Pennsylvania Fluorocarbon 
Co., Inc., 1115 N. 38th St., Philadelphia 
4, Pa. Claimed to be impermeable and 
to have resistance to all inorganic cor- 
rosive liquids including oxidizing acids 
and to most organic solvents, the tubing 
is recommended for use with instru. 
ments, electrical sleeving, cable sheath- 
ings and flexible tubing for chemical 
process streams. 

e 
Homogenous extruded rigid vinyl sheet 
50 inches wide and ranging in thickness 
from 0.060 to 0.125 inch has been de- 
veloped by B. F. Goodrich Industrial 
Products Co., Akron, Ohio, for use in 
fabricating chemical plant equipment. 
This material is stocked in normal and 
high impact %-inch shects. 

& 
Exposed thread ends on pipe and con- 
duits can be protected by plastic caps 
developed by Clover Industries, Inc, 
Tonawanda, N. Y. The caps are made 
of polyethylene and are color coded 
for identification. Applied by pushing 
onto pipe ends, the caps are designed 
to extend beyond the threads for pro- 
tection during painting, dipping and 
handling operations. 

ae 
Fifteen new formulations of the low and 
medium density polyethylenes have been 
added to the list of plastics produced 
by the Plastics Division of Koppers 
Company, Inc., Pittsburgh 19, Pa. 

e 
Corrosion resistance data on Penton, 4 
thermoplastic polymer, are given im 4 
chart available from Hercules Powder 
Company, Wilmington 99, Del. The 
chart gives new data on Penton pipe at 
250 and 150 F. Case reports are give 
on corrosion resistance of solid Penton 
pipe and Penton lined metal pipe. 

e . 
Chlorinated polyether tank linings have 
been added to the corrosion resistant 
materials used by U.S. Stoneware 
Company, Box 350, Akron 9, Ohio. 
Filling the temperature service gap 
between polyvinyl chloride and fluoro- 
carbon, the new lining material 1s rec 
ommended for high temperatures fof 
protection against organic and inorganic 
agents. It is claimed to be resistant 
all inorganic acids except fuming nitric 
and fuming sulfuric acids. The tank 
lining material is extruded in roll form 
by U. S. Stoneware from a resin de- 
veloped by Hercules Powder Co. 

(Continued on Next Page) 
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Strips xe 


e 
Testing 
t cop- P - 
quali- \ quick and economical method of de- 4 
duced termining water hardness has. been de- aks Nowery J. Smith Co. has the 
Vater. veloped by the Micromet Division of ee \ oe 
is an Calgon Company, Hagan Center, Pitts- ne ee \ oo * > 
) per- burgh 30, Pa. Two reagents in dropper FAR a8 orrosion prevention 
mn. Tt hottles and a glass vial are used to - (OSES es > 
igths, jetermine water hardness from one “Sie SS . : 
-Orro- rain per gallon up. Readings can be “Sa SSE : service you require 
ming made Within one minute, according to ~~ ts i 
heat Calgon. 
Brass e 
{ manual on methods and equipment a HOT-DIP GALVANIZINGe 
‘or testing insulating materials is avail- Nowery J. Smith Co. is the 
able from Associated Pca ta ; F a most experienced galvanizer 
AneeT r io. ) a “ag 2 i Ss 3 a 
mee, 777 W. Belmont Ave., Chicago 18, in the Southwest. Professional 
tie: ———— } galvanizers assure that complex 
Penn- Water Treatment a shapes, inside surfaces, and 
ubing 7: fi +4 hard-to-reach areas—all— 
m . . Sgtuaae aitae Gneci a Ret 
iis \utomatic water treatment control for hs receive the same durable zinc 
arbon cooling water systems has been de- NN ate coating. Applied according to 
Iphia yeoped by Associated Laboratories, Reet) ea sm ; : ASTM or your own 


> and Inc, 26845 Southfield, Lathrup Village, 
- Cor- Mich. Called Hydrotrol, the system 1s 
acids designed to regulate water treatment 
control and bleed-off feed in proportion 


specifications. 


ubing : : 
istru- rate of water evaporation or to the 
eath- ooling load of the system. 
mical @ 
Pre-treatment, waste disposal and other Bs ; : ces J 
ndustrial water problems are discussed PICKLING® For scientifically cleaning 
sheet na brochure available from Hall Lab- ferrous metals and stainless steel 
kness oratories, division of Hagan Chemicals fabrications Nowery J. Smith Co. 
1 de- & Controls, Inc., Hagan Center, Pitts- eae 
strial burgh 30, Pa. Case histories are given operates a complete pickling farm. 
se it showing process improvements result- Farm is equipped with seven pickling 
nent. ing from more efficient uses of indus- tanks in sizes up to 39’ 6” by 3/ 4” by 7’. 


| and trial water. A bibliography of 96 items 


nuding several on corrosion problems 
elated to industrial water problems is 
con- given in the brochure. 


caps 
Inc., 
made 
oded 
shing 
oned ° \ 
ong tensile strength has been developed by WY A AY WP eV} i 
oe National-Standard Company, Niles, OR ; AU :y,,2 SPECIAL COATINGS ¢ For structures 

Mich, Made of high-carbon steel, the ly 2 i = and equipment requiring the protective 


wire is available in sizes to 0.005-inch ; : 
liameter. It is also available with brass advantages of zinc, aluminum, or 


and finish in continuous lengths to two Oo aS other hot metal coatings, Nowery J. 
_ pounds and on spools to 10 pounds. ay, I= Smith Co. offers a complete metallizing 
uceL - is 
pers Yellow neoprene jackets on power ca- service—applied in its plant 
ies give high visibility for safety to Ls or at your job-site. Additional 
timinate tripping over cables or run- \ ? : special coatings and metal 
ing over them with heavy construction ? surface services include: Plioweld rubber 
equipment. The new yellow cable, man- “4 a : sicsasee uc teibtnies Aaltcen ae 
tactured by Western Insulated Wire : lining; sand = shot blasting; pasing: oiling; — 
Co, 2425 E. 30th St. Los Angeles 58. : coating; epoxies and other task-tailored coatings. 
(al, has the same properties as black 
leoprene jackete ee : a ~ : i i i 
. 7. E — oes ood _ be en When your next corrosion prevention problem arises, discuss 
1 ) oO applications OF GJ ° . ° . 
ears, according to the du Pont Com- it with a sales engineer from Nowery J. Smith Co., 
| pany, producer of neoprene. the Southwest’s most complete corrosion prevention 
ave 7 3 e ; a 
co ; 3 center. There’s no obligation. Write, wire, or call: 
vare Heavy galvanized music wire with 10 
hio ) times the corrosion resistance of 
gap f@ ‘andard tinned music wire is claimed | LARGEST HOT-DIP GALVANIZERS IN THE SOUTHWEST 
oro- by National-Standard Co., Niles, Mich. 
rec- ‘le zinc coating is three to seven per- 
for ent by weight. : ” _ 
anic « 
t to arse Sad: ~ 8000 HEMPSTEAD HIGHWAY @ P. 0. BOX 7398 HOUSTON 8, TEXAS e UNderwood 9-1425 
{ to gq “oarse Sodium Wire converted from 
itri¢ metallic sodium is described in a tech- 
ank J Ucal data sheet entitled “Laboratory ONE OF THE SMITH INDUSTRIES — 


orm Production and Use of Sodium Wire” 

de- vailable from U. S. Industrial Chemi- 
tals Co., Division of National Distillers 
and Chemical Corp., 99 Park Ave., New 
lork 16, N. Y, 
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‘MEN inthe NEWS: 


Max E. Roha has been appointed man- 
ager of plastics research at the B. F. 
Goodrich Company Research Center, 
Brecksville, Ohio. 

° 
Albert Rozensky has joined the Corro- 
sion Engineering Products Department 
staff of Pennsalt Chemicals Corporation, 
3 Penn Center, Philadelphia 2, Pa., as 
technical service engineer. 

2 
Charles F. Simmers has been named 
chief engineer of the Engineering and 
Construction Division of Koppers Com- 
pany, Inc., Pittsburgh 19, Pa. 


6 

NACE Member John D. Stone has 
resigned his position as Gulf Coast Di- 
vision Corrosion Engineer with Sunray 
Mid-Continent Oil Company to go into 
business as a consulting corrosion engi- 
neer. He will make Corpus Christi, 
Texas, his headquarters and plans . to 
open offices in Lafayette, La., and 
Houston later. 


® 
W. Andrew Wesley of Plainfield, N. J. 
an executive of the International Nickel 
Company, Inc., has been elected na- 
tional president of the American Elec- 


POSITIONS 


WANTED 


troplaters’ Society, Inc. 443-445 Broad 
St. Newark 2, N. J. 

e 
B. Q. Welder has been named manager 
of the newly created Oilfield Division 
of Hagan Chemical & Controls, Inc., 
Hagan Center, Pittsburgh 30, Pa. 

« 
NACE Member Hugh L. Logan of the 
National Bureau of Standards’ Corro- 
sion Section, Washington, D.C., has re- 
ceived a U. S. Department of Commerce 
Silver Medal for exceptional achieve- 
ment in metallurgy, particularly in re- 
search on stress corrosion cracking of 
metals. 

s 
Robert L. Solnick has been appointed 
chief project engineer in sample handl- 
ing systems of the Scientific and Proc- 
ess Instruments Division of Beckman 
Instruments, Inc., 2500 Fullerton Road, 
Fullerton, Cal. 

@ 
H. A. Morley, NACE member at the 
Pearl Harbor Naval Shipyard, Hono- 
lulu, was named Federal Employee otf 
the Year from a field of 29 nominees. 
A native of Oregon, he is a master 
painter and has degrees from Jackson 
College in Honolulu. 

e 
William H. Ailor, an NACE member 


who is senior corrosion engineer with 


AND AVAILABLE 


Active and Junior NACE members and companies seeking salaried employees 
may run without charge two consecutive advertisements annually under this 
heading, not over 35 words set in 8 point type. Advertisements to other 
specifications will be charged for at $12.50 a column inch. 


Positions Available 


Positions 
in 


CORROSION RESEARCH 


Need experienced men for work on 
corrosion problems associated with pe- 
troleum and chemical industries. Posi- 
tions require imaginative, aggressive, 
graduate level physical or electro chem- 
ists. Salary dependent on experience 
and training. Write: 
Attn: Mr. E. J. Farrell 
STANDARD OIL COMPANY (ind.) 

P. O. Box 431-A Whiting, Indiana 


Corresion Engineer—opporiunity for salesman 
with large progressive manufacturer. Experienced 
man to handle advanced line of synthetic surface 
coatings. Man capable of building and eventually 
supervising complete group in area. Excellent 
salary, bonus and benefits. Reply in confidence. 
CORROSION, Box 60-30 


Positions Available 


Corrosion Engineer, to be sales consultant on 
patented corrosion-resistant tubular steel prod- 
ucts on part time basis. Chemical or petroleum 
refinery experience helpful. New York City 
vicinity. Send resume to CORROSION, Box 60-28. 


Opportunity Unlimited—seeking self-supporting 
partner in exploding sales agency. Be your own 
boss in protected territory selling plastic coat- 
ings; plastic fans, hoods, ducts, tanks, etc., to 
textile, pulp-paper, chemical plants in South 
Atlantic States. Plant engineering experience 
important. CORROSION, Box 60-29. 


Positions Wanted 


Sales-Promotion, 13 years successful industrial 
sales engineering experience in chemicals and 
corrosion resistant materials. Age 37, chemistry 
graduate, marketing post-graduate. Chicago 
preferred, Midwest travel. Familiar direct and 
distributor sales. Resume available. CORROSION 
Box 60-27 


METALLURGICAL ENGINEER 


The Chemstrand Corporation’s nylon manufacturing plant at Pensacola, Florida is 


seeking a graduate engineer to assist the 


to materials selection, welding, and heat 
essing equipment desired, 


Excellent working conditions and benefit 


living conditions in Gulf Coast location. 


chief metallurgist in shop problems related 
treatment. Experience with chemical proc- 


programs. Attractive community life and 


Send resume of academic training and experience to: 


Manager, BOX P-3 
Employment- 


Recruitment 


THE CHEMSTRAND CORPORATION 


DECATUR, ALABAMA 


Vol. 16 


Reynolds Metals Company, Richmon; 
18, Va., has been elected secretary oj 
the ASTM’s committee on corrosion 
of non-ferrious metals and alloys, 

e 
Richard A. Behrens has been appoint 
technical representative in the north 
central region for Union Carbide Plas. 
tics Company, 1300 Lakeside Ave, NR 
Cleveland, Ohio. ee 

6 
Ernest Loy Lane has been name) 
regional metallurgist to handle technical 
service problems in the midwest are, 
for Carpenter Steel Co., 4501 James 
Place, Melrose Park, Il. John W: Kee. 
gan has been appointed metallurgist jn 
hot and cold heading steels at the com. 
pany’s plant in Reading, Pa. Two other 
appointments are Andrew R. Walsh to 
assistant metallurgist of high tempera- 
ture alloys and Charles A. Divine, Jr, 
as assistant metallurgist in stainless 
steels. 

e 
NACE Member Walter J. Braun has 
joined the staff of the Industrial Appli- 
cations Department at Nuclear Science 
and Engineering Corp., Pittsburgh 36, 
Pa: 

° 
Ted C. Combs, vice president of en- 
gineering at Zero Manufacturing Com- 
pany has been appointed chairman of 
the Container Design Section, Packag- 
ing & Handling Division of the Ameri- 
can Ordnance Association. 

e 

David Craig and Forest W. Shaver hav: 
been ‘named research fellows at the 
B. F. Goodrich Company Research Cen- 
ter, Brecksville, Ohio. Research fellows, 
a new assignment category with the 
company, are free to explore fundamen- 
tal research projects of their choice in 
line with company research and de 
velopment policies. 

eo 
Harry W. Fisher has been named man- 
ager of central liquid meter products 
engineering for Rockwell Manufactur- 
ing Co., 400 N. Lexington Ave., Pitts- 
burgh &, Pa. 

2 
Jack R. Grieve has joined the metal- 
lurgical department at Superior Tub 
Co., Norristown, Pa., to be in charge 
of non-destructive testing development 
for small metal tubing. 


e 
NACE Member John P. Kleber has 
been appointed manager of the newly 
organized Water Chemical Sales Divi 


sion of Hagan Chemicals: & Controls, 
Inc., Hagan Center, Pittsburgh 30, Pa. 
& 
Edwin Langhenry, an NACE member, 
has been appointed national sales man- 
ager for Erico Products, Inc., Cleve- 
land, Ohio. 
6 
Robert D. Leslie has been appointed 
manager of Crucible Steel Companys 
sales branch in Charlotte, N.C. where 
he will reside at 2123 Forest Drive East. 
8 
Henry B. Linford, NACE member and 
professor of chemical engineering, 
Columbia University, New York City, 
has been awarded the Edward Goodrich 
Acheson Medal and Prize of the Elec: 
trochemical Society. The award, a gold 
medal and $1000 given every two years, 
will be presented during ‘he_ society’ 
October 9-15 meeting in Houston, 
Texas. 
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october, 1960 RECORD AND REPORT 


One of 180 grounding elec- 


trodes installed to depths = OU the best 
of 60 ft. under Houston’s Sa 
newest skyscraper, slated to 

be the tallest structure west 


ie talest struc TMU AL GLE 


Large or small, 
Cathodic Protection 
Service provides turnkey 
installations. Let one of our 
experienced engineers show you 
how Cathodic Protection Service 
can best solve your individual 
corrosion problems. Call, 
wire or write the 
CPS office near- 
est you. 


cathodic protection service 


P. 0. Box 66387 aU Clim ee A> cy ay ao 


Cable Address CHICAGO NEW ORLEANS TULSA CORPUS CHRISTI ODESSA 
CATPROSERY 122 S. Michigan Blvd., Rm. 964 1627 Felicity 4407 S. Peoria 1620 S. Brownlee 5425 Andrews Hwy. 
WEbster 9-2763 JAckson 2-7316 Riverside 2-7393 TUlip 3-7264 EMerson 6-6731 
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Keep your % 
crews busy ‘ 


all year ’round 


with GARBO ZINC 1 


the all-weather maintenance coating 


Most maintenance paints cannot be applied below 40° F. Not so with Carbo Zine 11 
...the only protective coating that can be applied outdoors in cold weather. Paint 
anytime, 12 months of the year, indoors or out... keeping a smaller crew busy full 
time. You still get protection far superior to standard maintenance paints. 


a zine-filled inorganic protective coating 

water insoluble 20 minutes after applying 

fast drying, long-lasting galvanic protection for steel 

apply in humidity up to 95%, temperatures from —20° F. to 150° F. 
excellent resistance to water, coastal environment, brine, humidity, solvents 


Use Carbo Zine 11 without topcoat, or as primer with vinyl, Hypalon, epoxy, or 
inorganic topcoat. Resists undercutting and subfilm corrosion. Low material, appli- 
cation and maintenance costs. 


Write for information, technical data, uses and samples. Also, see our catalog in 


CEC, pages 911-914. 


6011 *Patent applied for 
Sales engineers in principal cities. 
Consult your telephone directory. 


e 
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NACE NEWS 


60 Percent of Corrosion Show Is Sold Out 


Booths to Be on 
Same Hotel Floor 
As Other Meetings 


Over 60 percent of the booths for the 
1961 Corrosion Show have been con- 
acted for, according to R. W. Huff, 
Ir, NACE Exhibits Manager. An al- 
phabetical listing of the companies 
which have contracted for booth space 
sgiven below. 

The 1961 Corrosion Show will be 
held in conjunction with the 17th An- 
nual NACE Conference, March 13-17, 
a the Hotel Statler-Hilton, Buffalo, 
\. Y. Booths will be located on the 
same floor of the hotel as most of the 
technical meetings so that registrants 
can visit the exhibition during free 
times. No technical symposia meetings 
have been scheduled for the afternoon 
{ March 14, the day the Corrosion 
Show opens, so that all registrants will 
hve an opportunity to see all the 
booths. 


Diversity of Exhibits 
A wide diversity of corrosion control 
equipment, methods, processes and serv- 
ices will be included in the booths. 
Qualified personnel from the exhibiting 
companies will be available to answer 
questions. 


Color Slides of 1961 Show 

Color slides of specific products or 
booth areas of those companies wishing 
to participate will be photographed dur- 
ing the Corrosion Show by NACE for 
preparation of a color slide-talk to be 
available for NACE section meetings 
throughout the country. 

The color slides and a_ prepared 
script giving brief descriptions of the 
products photographed at the show will 
de available for program material at 
‘ection meetings and for use by other 
nterested groups. 

NACE section program chairmen 
should contact Gilbert Rolak to make 
booking arrangements for the 1961 Cor 
rosion Show slide-talk. 


Show Brochures Available 

Companies wishing to make arrange- 
ments for exhibits at the 1961 Corro 
sion Show should contact R. W. Huff, 
Jt, NACE Central Office, 1061 M & M 
Bldg, Houston 2, Texas. A copy of the 
Lorrosion Show Brochure will be sent, 
siving complete details on the booth 
sizes, facilities available, booth loca 
tions, ete, 


Companies to Exhibit 
Alloy Steel Products Co., Inc., Alu- 
minum Company of America, Amercoat 
Lorporation, A. M. Byers Company, 
~arboline Company, Carpenter Steel 
ompany, Centriline Corporation, Clem- 
fitina Limited, Crucible Steel Com- 
Pany of America, Delaware Barrel & 


Drum Co., Inc., DeVilbiss Company, 
Cryogenics Corporation, Dow Chemical 
Company, Fibercast Company; 

Garlock, Inc., Glidden Company, Gray 
Company, Inc., Harco Corporation, Heil 
Process and Equipment Corporation, 
fercules Powder Company, Interna- 
tional Nickel Co., Inc., Johns-Manville 
Sales Corporation, Knapp Mills, Inc., 
Koppers Company, Inc., Lebanon Steel 
Foundry, Lincoln Engineering Com- 
pany, M. C. Miller Company, Minne- 
sota Mining and Manufacturing Com- 
pany; 

National Carbon Company, Pfaudler 
Permutit, Inc., Pittsburgh Corning Cor- 
poration, Reilly Tar & Chemical Corpo- 
ration, Resistoflex Corporation, Royston 
Laboratories, Inc., Shell Oil Company, 
Shell Chemical Company, Standard 
Magnesium Corporation, U. S. Stone- 
ware Company, Truscon Laboratories, 
Wheelabrator Corporation and T. W. 
Williamson, Inc. 


Adams Appointed to 
EducationCommittee 


Mark F. Adams of Washington State 
University, Pullman, Wash., has been 
appointed to the NACE Committee on 
Education. He is head of the Chemis- 
try-Spectroscopy Laboratories at the 
university. 

Chairman of this committee is Nor- 
man Hackerman, University of Texas, 
Austin, Texas. Other members are F. B. 
Burns, General Asphalt, Inc., Wynne 
Wood, Okla., M. G. Fontana, Ohio State 
University, Columbus, Ohio, E. C. 
Greco, United Gas Corporation, Shreve- 
port, La. J. J. Harwood, Office of 
Naval Research, Washington, D. C., R. 
B. Hoxeng, U. S. Steel Corp., Monroe- 
ville, Pa., Harry J. Keeling, consulting 
engineer, Angeles, Cal., and Aaron 
Wachter, Shell Development Co., 
Emeryville, Cal. 


1 
LOS 


% 
News intended for publication in Corro- 
SION should be in Houston no later than 
the 10th of the month preceding month 
of publication. 


Western Region 


Burgan 
Company 
Corrosion Re- 
the September 


Portland Section heard Dean 
of Electric Steel Foundry 
speak on “Castings for 
sistant Applications” at 
15 meeting. 
@ 

San Francisco Bay Area Section used 
the NACE color slide presentation of 
the 1960 Corrosion Show held last 
March in Dallas for its September 13 
meeting. The slides gave a review of 
the show for those persons who did 
not attend the NACE Dallas conference. 


J 


'59 Speller Awardee 
J. C. Hudson Retires 


J. C. Hudson, winner of the 1959 
Speller Award presented during the 
16th Annual NACE Conference last 
March in Dallas, has retired from his 
position as head of corrosion research 
at the British Iron and Steel Research 
Association, London, England. 

He will continue to work with the 
British Association as consultant to the 
Corrosion Advice Bureau and the 
Chemistry Department. He has been in 
charge of corrosion research with the 
association since its formation in 1945, 

He has written two books (“Corro- 
sion of Iron and Steel” and “Protec- 
tive Painting of Structural Steel”) and 
over one hundred technical papers. 

In addition to the Speller Award, he 
has received the 1960 Sir Robert Had- 
field Bronze Medal awarded by the Iron 
and Steel Institute for his contributions 
to corrosion engineering and ferrous 
metallurgy. 


“é 


a 
The 1960 North Central Region Conference 
will be held Oct, 19-20 at the Schroeder 
Hotel in Milwaukee, Wis. 
e 
The 1960 South Central Region Confer- 
ence will be held October 25-28 at the 
Mayo Hotel, Tulsa, Okla. 
a 


NACE’s 18th Annual Conference and 
1962 Corrosion Show will be held March 
18-22, 1962, at the Municipal Auditorium 
in Kansas City, Mo. 

e 
News deadline for Corrosion is the 10th 
of each month, 


DEATH S 


Harold L. Stockdale, owner of Stock- 
dale, Inc., Houston, Texas, died August 
19 from a heart attack. A member of 
NACE since 1951, he had been asso- 
ciated with Koppers Company, Insul- 
Mastic Corporation and _ Industrial 
Waterproofing Company. He was a 
graduate of the University of Pitts- 
burgh. 

2 
Joseph Frank Putnam, former president 
and general manager of Anti-Corrosion 
Manufacturing Company in Atlanta, 
Ga., died in Berkeley, Cal., after a long 
illness. An NACE member until his re- 
tirement because of ill health in 1958, 
he had been associated with Reynolds 
Metals Company and the Porter Com- 
pany before joining Anti-Corrosion 
Manufacturing. 

* 
John M. Kamenar, an NACE member 
associated with Republic Oil Refining 
Co., Texas City, Texas, died July 22 
of a heart attack. 
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Cathodic Protection and Coatings to Be 
Emphases of Florida Short Course 


Cathodic protection and coatings for 
corrosion control will be emphasized 
during the November 7-11 Florida Gen- 
eral Conference Annual Corrosion Short 
Course to be held at Key Biscayne 
Hotel, Miami. 

NACE Vice President E. C. Greco 
of United Gas Corp., Shreveport, La., 
will open the short course with an 
address on the activities of NACE. 
Registration will be Monday morning, 
November 7. 

Discussions and technical papers 
scheduled for the short course are listed 
below with moderators for each session. 


Monday, November 7 
Moderator J. B. Prime, Jr., 


Power & Light Co., Miami. 

Corrosion and Management, by Solon 
Walker of East Tennessee Natural Gas 
Co., Knoxville, Tenn. 

Army Missile Activities at the Missile 
Range, by Col. James D. Sams_ of 
Patrick Air Force Fla. 


Florida 


Base, 


Tuesday, November 8 
Moderator C. Montague, Peoples 

System, North Miami, Fla. 
Fundamentals of Corrosion and Cath- 
Protection, by A. W. Peabody of 


Gas 


odic 


cb 


Ebasco Services, Inc., New York, N.Y. 

Basics of Protective Coatings, by G. 
K. Vogelsang of Gates Engineering Co., 
Wilmington, Del. 


Wednesday, November 9 


Moderator for cathodic protection ses- 
sion: R. F. Hadley, Sun Pipe Line 
Co., Philadelphia, Pa. 

Galvanic Corrosion, by T. P. May of 
International Nickel Co., Inc., Wrights- 
ville Beach, N.C. 

Pipe Type Cable, by Ed Merrill of 
Phelps Dodge Co., New York, N.Y. 

Instruments and Testing Equipment 
Used in Corrosion Mitigation, by A. L. 
Ayres of New Jersey Bell Telephone 
Co., Newark, N.J. 

Stress Corrosion of Steels for Air- 
craft and Missiles, by E. H. Phelps of 
U. S. Steel Corp., Monroeville, Pa. 

Moderator for coating session: H. C. 
R. Folmer, Quelcor of Florida. 

Preparation for Coating, Accent on 
Surface Preparation, by H. T. Rudolf 
of Atlantic Coatings Co., Jacksonville, 
Fla. 

Application of Coating for Pipe, by 
Chris Georges, Pipe Line Service Corp., 
Atlanta, Ga. 

Just Who Specifies Vinyl, by D. 


The Completely Engineered 
Cathodic Protection Rectifier 


@ EICOR’S “complete unit” manufacturing facilities 
insure: QUALITY CONTROL... ECONOMICAL DESIGN 


... PROMPT DELIVERY. 


Field tested EICOR RECTIFIERS are available up to 
5,000 watts. Convection air cooled 
or oil immersed. Single or three phase full wave. 


Standard or special input voltages. All cases 

are 11 gauge steel (SMALL ARMS PROOF.) 
Case is designed for minimum maintenance 

in the field and easy accessibility to all components. 


A new approach in cathodic 
protection rectifier design and manufacture. 


Manufactured in our own plant, under one roof, 
to the most exacting specifications and rigid controls. 


Write or phone today your nearest representative 
for descriptive literature and “The Eicor Story.” 


8S OR® Manutacturers of Electrical Equipment for over 25 years. 


Chicago 39, Illinois 

4059 West North Ave. 

Phone HUmbolt 6-2060 
HO 8-7154 


Houston (24) Texas 
P.O. Box 19333 
Phone JA 2-6643 


FACTORY: 


517 West Walnut Street 
Oglesby, Illinois 


Dallas (9) Texas 
4807 Elsby Ave. 
Fleetwood 2-6085 
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Meserve of Metal 
New York, N.Y. 
New Developments in Water Thiny i 
Protective Coatings, by aes = 
Koppers Company, Pittsburgh, Pa " 
Mill Scale, by Kenneth Tator of Tato 
Associates, Coraopolis, Pa, ; 


& Thermit Corp, 


Thursday, November 10 
Moderator for cathodic protection ges. 


sion: John Hancock, City of Jackson. 


ville, Fla. 
Condenser Tube Protection T 


Use of Ferrous Sulfate, by T, W, Bost. 


wick of the City of Jacksonville Fla, 
Condenser and Heat Exchanger Con | 
Lynes of Revere. 


rosion, by Wilson 
Copper and Brass Inc., Baltimore Md 

Cathodic Protection of the 1600-Mile 
Tape Coated Pipe Line to Florida by 
E. P: Doremus and Roe Pass of 
Cathodic Protection Service, Houston 
Texas. ; 

Moderator for coating session: §, Mil 
ler of Miami Marine Research and Test 
Station. 

Pre-Fabricated Polyethylene Coatings 
in Underground Corrosion Control, by 
H. D. Segoul of Kendall Company, 
Chicago, Ill. * 

High Build Protective Films, by F,¢ 
Weber of Phelan-Faust Paint Mig. Co, 
St. Louis, Mo. ; 

Epoxy and Other Catalytically Cured 
Coatings, by A. G. Sternberg of Steel- 
cote Mfg. Company, St. Louis, Mo, 

Coating Comparisons, by J. W. Cush- 
ing of Carboline Company, St. Louis, 
Mo. 


Friday, November 11 


Moderator: R. Hadley of Sun Pipe 
Line Co., Philadelphia, Pa. 
Sandblasting, by T. D. Skaggs of 

Clementina Ltd., Birmingham, Ala. 
Panel discussion including all speakers 

on cathodic protection and_ protective 

coatings sessions. 

Tour of Miami Seaquarium for in- 
spection of recent corrosion control in- 
stallation, conducted by E. J. Tilton, Jr. 


Special Activities 
Special activities for the short course 
include a fellowship hour, banquet and 
dance scheduled for Thursday evening, 
November 10, from 7 to 11 pm. 
+. B. Prime, Vi. is director of the 
short course; C. H. Montague of Peo- 
ples Gas System is program chairman 
\ ladies’ program is being arranged 
by Mrs. E. S. Tilton, Jr., and Mrs. N. 
Fi Bollinger, i 
° 
Birmingham Section has sclieduled R. 
S. Woodruff of Alabama Power Com- 
pany as guest speaker for the Novem- 
ber 4 meeting. He will discuss his 
company’s river development program. 
J. W. Miller, Jr., was guest speaker 
at the September 9 meeting. 
So 
Southeast Region Conference for 1962 
has been scheduled for October 11-12 
in Birmingham, Ala. 
* 
The 1960 Southeast Region 
will be held Oct. 6-8 at the 
Plaza Hotel, Atlanta, Ga. 
e 


Conterence 
Dinkler- 


The American plastic industry tripled 
its production during the 1950's from 
1.6 billion pounds in 1950 to 5.4 billion 
pounds in 1959, 
2 

About $300 million worth of high fidel 
ity sound equipment was sold in the 
United States during 1959. 
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Public Service Electric and Gas Co., Sewaren, N. J. 


Bitumastic coatings resist 11 years 
of abrasive salt-water attack 


Bling docks of Public Service Electric and Gas Company’s 


paren Generating Station are subjected to unusual corrosive 
lek by the Arthur Kill, a bay-like tidal river between New 
ikand Staten Island. Added to the river’s salt water content 
tloating debris and effluent from industries and oil refineries 
tied along its shores. 

Ig cope with these severe corrosive elements, 11 years ago 
hic Service’s engineers specified that the steel piling for the 
Hons loading docks and sea wall be coated with Bitumastic” 
0, For added weathering protection, piling exposed above 
lowtide level also was given an additional coating of 
liplastic® No. 28. 
‘OLLOWING 11 


YEARS OF EXPOSURE, PUBLIC 


BVICE'S ENGINEERS REPORT NO MAJOR RECON- 


(ONING OF THE PILING HAS BEEN NECESSARY. 
‘utility's experience is not unique: four other installations 


@ ng the Arthur Kill have had similar success with Bitu- 


oatings on submerged piling. 


‘nt Bitumastic line includes a coating for every industrial 
qn problem. For on-the-job assistance to keep your cor- 
7 costs down, call your nearby Bitumastic distributor or 

‘the coupon. Koppers Company, Inc., Tar Products Divi- 


sion, Pittsburgh 19, Pa. District Offices: Boston, Chicago, Los 
Angeles, Pittsburgh, New York and Woodward (Birmingham), 
Ala. In Canada: Koppers Products Ltd., Toronto, Ont. 


~\ KOPPERS 
KOPPERS BITUMASTIC 


Ww COATINGS & ENAMELS 
another fine product of COAL TAR 


See our catalog in Sweet's 


Koppers Company, Inc., Tar Products Division 
Dept. 100K, Pittsburgh 19, Pa. 
Gentlemen: 


Yes, I'd like to know more about Bitumastic Coatings for Corrosion 
Prevention. 


Title 
Ps cee 


Address____ ‘ oa 


___Zone State 


I cs scaccksipccsalsieeenmaaion 
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South Central Region 


Final Technical Program Changes Are 
Given for Oct. 25-27 Tulsa Conference 


Twenty-four papers are scheduled for 
presentation during the October 25-27 
South Central Region Conference to be 
held at the Mayo Hotel, Tulsa, Okla. 
The papers will be given at six techni- 
cal symposia. 

Registration fee will be $15 for NACE 
members and $17 for non-members. 
Registration fee for ladies accompanied 

a full registered member will be 

0. Registration fee will cover all 


activities given in the conference pro- 
gram which includes admittance to all 
technical sessions, fellowship hour and 
annual banquet. 

A list of the technical papers to be 
given at each symposia is given below 


Oil and Gas Pipeline 
Economics of Deep Ground Beds, by 
F. A. Therrell, Jr., Interstate Oil Pipe 
Line Co., Shreveport, La. 


Practical ideas 
for BETTER 


CAN YOU PROFIT BY THESE EXPERIENCES? 


Corrosion of pipe and other underground structures continues to cost 
industry thousands of dollars—unnecessarily. Are you letting questions 
or doubts stop you from using economical cathodic protection? Here are 
some of the recent satisfactory jobs performed by CSI engineers. 


116 Oil Wells (West Texas). 2 casing leaks had resulted from external 
corrosion in this field. CSI ran current requirement tests, then installed 
rectifiers and graphite anodes on each well. Cost was only $300 to $350 


per well. 


Pipe Line (Southern Oklahoma). This line is operated by a major com- 
pany. A cathodic protection system using 15 rectifiers was installed. CSI 
furnished all materials, labor, 15-foot augers, ditchers and other neces- 


sary equipment. 


30 Oil Wells (Western Kansas). CSI determined current needed to stop 
corrosion; then installed 6-ampere-output rectifiers on a turnkey basis. 


Cost: $300-$350 per well. 


Housing Unit Piping (Ohio). The builder of this housing unit wanted to 
prevent leaks and lengthen the life of the underground piping system. 
CSI recommended and installed a protective system using magnesium 
anodes. Anodes were used to lessen stray-current danger to nearby 


structures. 


29 Oil Wells (West Texas). One casing leak had already occurred in 
this field. CSI installed protective systems using special new rectifiers 
that deliver almost constant current output despite heavy rains or dry 


periods. 


Pipe Line (West Texas). Experience indicated that leaks would become 
an increasing problem. Protection was required. CSI installed 600 mag- 


nesium anodes in only 10 days. 


CSI engineers pioneered and are acknowledged experts in the cathodic 
protection of underground structures. You’ll find them helpful and eager 
to discuss your corrosion problems. They offer engineering and instal- 
lation services, plus brand-name supplies at competitive prices. 


CORROSION SERVICES 


Cleveland 13, Ohio 


INCORPORATED 


General Office: Tulsa, Okla. 


Mailing Address: 


1309 Washington Ave. Box 787, Sand Springs, Okla. 


Tel. CHerry 1-7795 


Tel. Circle 5-1351 
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Selection of Bituminous Coatings a 
Pipelines, by F. B. Burns, Coir 
Asphalts, Inc., Wynne Wood, Okla, ag 

Steps to Reduce Cost of Pipeline 
Corrosion Control, by N. K, Senatorof 
and T. J. Degnan, Pacific Lighting ied 
Gas Supply Co., Los \ngeles, a 

Use of Analog Network Calculator in 
Design of Cathodic Protection Systems 
for Distribution Piping, by C, L, Woody 
United Gas Corp., Houston, Texas, 


Oil and Gas Production 


\cid Volume and Inhibitor Quantity 
—Their Effect on Corrosion of Steel it 
Hydrochloric Acid, by William E, Bi}. 
ings, Halliburton Oil and Cementin, 
Co., Duncan, Okla. : z 

Pitting Corrosion in Waterflood 
Brines, by P. J. Raifsnider and 4 
Wachter, Shell Development (Co. 
Emeryville, Cal. 

Summary of Waterflood Corrosion, 
by L. C. Case, Tulsa, Okla. 

Cathodic Polarization of Steel in 
Various Environments, by A. R. Erber, 
Sun Oil Co., Dallas, Texas. 


Chemical Processing and Refining 


Acid Corrosion Inhibition With Sec- 
ondary Acetylenic Alcohols, by J. ¢. 
Frankhouser, Air Reduction Chemical 
Co., Bound Brook, N. J. 

Zine and Lead-Silver Anodes Solve 
Several Refinery Corrosion Problems, 
by G. E. Moller and J. T. Patrick, 
Union Oil Co., Rodeo, Cal., and J. W. 
Caldwell, Bunker Hill Co., San Fran- 
cisco, Cal. 

Technology of Inorganic Zinc Coat- 
ings, by J. B. Cox, Humble Oil and 
Refining Co., Houston, Texas. 

Anodic Protection Against Sulfuric 
Acid Corrosion, by M. Hutchinson, N. 
L. Conger and C. E. Locke, Continental 
Oil Co., Ponca City, Okla. 

Corrosion Resistance of Refractory 
Metals at Elevated Temperatures, by 
John R. Schley, Haynes Stellite Co, 
Kokomo, Ind. 


Protective Coatings and Plastics 

Glass Reinforced Plastic Pipe and 
Tubing in Chemical Service, by D. D. 
Kays, Frontier Chemical Co., Wichita, 
Kan. ; 

Formulation and Application of a 
Bitumen Epoxy Coating for Pipelines, 
by F. James, Allied Division of H. K. 
Porter Co., Tulsa, Okla. 

Practical Look at Pipeline Coatings, 
by J. C. Bell, Service Pipe Line Co, 
Tulsa, Okla. 

Economy in Airless Spraying Vinyls, 
by D. L. Du Puy, Union Carbide 
Chemicals Co., Texas City, Texas. 


Water Handling 
Inhibition of Mineral Scales, by L. 
W. Jones, Pan American Petroleum 
Corp., Tulsa, Okla. 
Comparative Laboratory Evaluation 
of Rapid Corrosion—Inhibitor Screen- 
ing Test, by J. Wade Watkins and J 
Costango, Bureau of Mines, Bartles- 
ville, Okla. ae 
Corrosion in Water Flood and salt 
Water Disposal Systems, by 
Holloway and T, W. McSpadden, Pan 
American Petroleum Corp., Tulsa, Okla. 
Microbiological Corrosion in Water 
Floods, by J. M. Sharpley, Buckman 
Laboratories, Inc., Memphis, Tenn. 


Corrosion Survey and Testing — 
Methods of Testing and Evans 
Pipeline Coating in the Laboratory, °Y 
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Ray Tuggle, Texas Pipe Line Co., 
Houston, Texas. : ; 

, New On-Stream Corrosion In- 
ection Technique, by Malcolm A. 
eyn, Pittsburg Testing Laboratory, 
Vew Orleans, La. x : 

“flectrical Resistance Corrosion Pre bes 
_Problems and Pitfalls in heir Use, 
» David B. Boies, Nalco Chemical 
Co, Chicago, Ill. 

% 

Tulsa Section held a panel discussion 
the use of a dissolved oxygen meter 
tthe September 26 meeting. Panel 
members were Lloyd Jones of Pan 

\merican Petroleum Research, L. c. 
Reynolds of Earlougher Engineering, 
In, R. L. Shaw of Humble Oil & 
Refining Co., Ed D. Parson of Phillips 
Petroleum Research, L. C. Case and J. 
Wade Watkins of the Bureau of Mines. 

9 
Shreveport Section heard Harold Dial 
ithe East Texas Salt Water Disposal 
Company, Kilgore, Texas, speak on 
corrosion control in salt water disposal 
systems at the September 6 meeting. 

: e 
New Orleans Section heard L. C. Edgar 
{ Tube-Kote, Inc., speak on holiday 
esting of plastic coated tubing at the 
September 26 meeting. 

® 
Rocky Mountain Section had Kim Ellis 
if Hill-Hubbell speak on coating prob- 
lems encountered with 13-foot diameter 
steel pipe at the September 16 meeting. 
° 
Alamo Section scheduled a social in- 
cduding a dinner for its September 20 
necting. 

Max Schlather of United Gas Pipe 

line Company discussed the article 





Attention 
Librarians 


and others 


who bind 
CORROSION 


by Volumes! 


The index to CORROSION’s 1960 
(Volume 16) issues will include alpha- 
betical subject and author references to 
the articles published in the Technical 
Topics Section. The growing number and 
importance of these articles makes nec- 
essary to include them in the indexing. 





Those who bind CORROSION by vol- 
umes and who customarily extract Tech- 
nical Section pages are reminded that 
it will be desirable to extract also the 
Technical Topics Section and add it to 
the Technical Section of each issue. Al- 
though the Technical Topics Section 
does not have cumulative numbering of 
pages, it will be relatively easy to locate 
articles if this procedure is followed. 
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“Effect of pH on Corrosion at Elevated 
Pressures” at the August 16 meeting. 

° 
Houston Section will have Harold D. 
Singleton, project engineer at the Free- 
port Saline Conversion Demonstration 
Plant, speak on the salt water conver- 
sion plant at the October 11 meeting. 

Donald W. Hood spoke on disposal 

of radioactive waste material at the 
September 13 meeting. 

° 
North Texas Section heard M. E. Car- 
lisle of the Aluminum Company of 
America speak on aluminum tor cor- 
rosion control applications at the Sep- 
tember 12 meeting. 

e 
Central Oklahoma Section has sched- 
uled a talk by R. D. McDonald of 
Oklahoma Natural Gas Company for 
the October 10 meeting. His topic will 
be “Design of Cathodic Protection Sys- 
tem on Partially Coated 16-Inch Pipe 
Line.” 
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Speaker for the November 14 meeting 
will be W. C. Koger of Cities Service 
Oil Company. His topic will be down 
hole corrosion. 

D. H. Burton of Standard Magnesium 
Corporation spoke on the theory, design 
and use of magnesium anodes at the 
September 12 meeting. 

@ 
The 1960 South Central Region Confer- 
ence will be held October 25-28 at the 
Mayo Hotel, Tulsa, Okla. 

e 
Over 20 million dollars was paid in 1959 
to 39,000 employees of one company 
through the company’s savings plan. 

© 
Western Region’s 1960 Conference will 
be Oct. 6-7 at the Sheraton Palace Hotel 
in San Francisco, Cal. 

* 
Farmers in the United States produced 
1.4 billion bushels of wheat and 3.8 bil- 
lion bushels of corn in 1958. 
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CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Foreign Corrosion Reports 


Corrosion Prevention and Research 

in Israel 

\ report on corrosion activities in 
Israel during 1959 with a review of pre- 
vious years has been received by the 
Inter-Society Corrosion Committee's 
Subconimittee on Relations with Foreign 
Organizations. 

This report as printed below was sub- 
mitted by NACE member D. Spector, 
Citrus House, 22 Harakevet St., Tel- 
Aviv, Israel. 

Because this is the first 


report from 


Israel, a brief outline of activities is 
given in addition to the corrosion ac- 
tivities during 1959. 

Israel obtained its independence in 
1948, which marked a new phase in the 
country’s growth and development. The 
vast activity in the rehabilitation of 
incoming refugees, doubling the popula- 
tion from 1.2 million in 1948 to 2.5 mil- 
lion in 1959, was paralleled by extensive 
waterwork, building activities, industrial 
development and considerable expansion 
in the merchant marine. 


Attention has been focused on cor- 


ANY WAY YOU LOOK AT If... 


Standard Magnesium 


No matter where you have an 
underground or underwater 
corrosion problem, Standard 
Magnesium Anodes are de- 
signed to provide more efficient 
protection. 

Whether you require con- 
ventional H1 alloy anodes, or 
our exclusive High Current 
Anodes, you'll find Standard 


Anodes are more efficient! 


Magnesium Anodes are manu- 
factured to the exact specifica- 
tions required for your particu- 
lar installation. Whether bare 
or in our Vibra-Pak backfill, 
you'll soon discover why more 
and more corrosion engineers 
insist upon Standard Mag- 
nesium Anodes whenever they 
want more efficient protection. 


For further information, contact one of our 
sales representatives, or wire, write or phone: 


(Q 


Leh ets | \Viagnesium 
Corporation 


7500 EAST 41st STREET @ TULSA, OKLAHOMA 


Vol. 16 


rosion prevention although the pace of 
construction was too rapid to enable 
desirable corrosion prevention meth, ds 
to be implemented. Some of these on 
lems and achievements were outlined in 
a paper titled “Application of Cathodic 
Protection -in Israel” presented at the 
1956 Annual NACE Conference. . 

Corrosion activities are dealt with by 
various institutions and organizations 
some of which are as follows: Corrosion 
Group of the Engineers’ and Architects 
Organization; Technion, Israel Institute 
of Technology; Israel Metals Institute: 
Israel Standards Institute; Water Plan. 
ning for Israel Limited; Water Depart- 
ment, Jewish Agency Limited; and D 
Spector Corrosion Engineers, 

The Corrosion Group has taken the 
pattern of NACE and _ similar groups 
with the objective of giving engineers 
from every field an opportunity to dis. 
cuss corrosion problems of mutual in- 
terest. Several lectures and symposia 
were held. The group plans to form 
technical practice committees in the 
near future. 

In the educational field, the Technion, 
Israel Institute of Technology, has a 
leading role. The electrical engineering 
faculty has received several theses on 
cathodic protection. The Technion holds 
annual post graduate courses for engi- 
neers in industry. Corrosion and cath- 
odic protection courses have been held 
for three successive years. 

The Building Research Station of the 
Technion, headed by Professor R. 
Shalon, has done extensive work on cor- 
rosion problems of concrete and rein- 
forcement. ; 

The Israel Metals Institute is in its 
early stages of organization and _ plans 
to correlate and guide the metallurgical 
and fabrication industries in all matters 
pertaining to efficient use of metals, 

The Israel Standards Institute pays 
considerable attention to corrosion prob- 
lems in its standards legislation. Also 
the Institute’s laboratories are conduct- 
ing many tests at the request of industry 
relating to corrosion resistance of mate- 
rials. 

The Water Planning for Israel Ltd, 
responsible for the planning of the Na- 
tional Water Works, has engaged in 
problems such as aeration of water to 
reduce internal pipe corrosion, in in- 
vestigating corrosion problems and cath- 
odic protection in prestressed concrete 
pipes. 

The Water Department of the Jewish 
Agency has expiored a number of cor- 
rosion problems inherent in irrigation 
networks of agricultural settlements. 

D. Spector Corrosion Engineers have 
been promoting cathodic protection i 
Israel and have also extended their op- 
erations overseas, primarily in ship and 
tanker corrosion, in which field they 
hold world patents. 


NBS Adds New Division 


The National Bureau of Standards 
has added a new division entitled In- 
strumentation at the Washington 
laboratories. The new division will in- 
vestigate the fundamental properties 
and limitations of instruments, of theif 
components and materials and 0 
measuring, recording and signal proc- 
essing methods. G. Franklin Mont 
gomery is chief of the new division. 

2 
The 1960 South Central Region Contet- 
ence will be held October 25-28 at the 
Mayo Hotel, Tulsa, Okla. 
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ustry 


maid Chase kote* How much can you save by protecting your piping instal- 


_ oe Pressure-Sensitive Protective Tape lations with the new CORR-PREV Pipe Coating Package? 
_— First of all, you save pipe . . . because CHASEKOTE tape 


od in 
me *K offers all the proven corrosion-resistant advantages of poly- 
on Chasewrap ethylene aan There are extra savings, too, in materials 
4k enn, Senne neon Ornewrnp. handling and storage. Savings in labor and coating applica- 
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it Op- estimate to put the new CORR-PREV Pipe Coating Pack- 
age to work on your next job. It'll save you money. 
‘Trade name of Chase & Sons, Inc., long-famous for protective and CHASE & SONS, Inc. © 26 Spruce St., North Quincy, Massachusetts 
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CORROSION—-NATIONAL ASSOCIATION OF CORROSION 


North Central Region 


Southwestern Ohio Section 
Plans 1960-61 Programs 


Meeting dates and programs sched- 
uled for 1960-61 have been printed on 
wallet size cards and mailed to all sec- 
tion members by the Southwestern Ohio 
Section to stimulate interest in the 
meetings. 

The October 18 meeting to held in 
Cincinnati will include guest speaker 
John R. Schley of Haynes Stellite Di- 
vision of Union Carbide Corp. He will 
speak on high temperature corrosion 
problems in the chemical industry. 

Other meeting dates and programs 
for the year are given below. 

November 29: Underground and In- 
dustrial Coatings, by W. E. Kemp of 
the Koppers Company, Inc., to be held 
at Middletown. 

January 31, 1961: Panel discussion on 
cathodic protection, to be held at Day- 
ton. 

February 28: Fluidized Bed Method 
for Apply Plastics for Low and High 
Order Corrosion, by Fritz J. Nagel of 
the Polymer Corporation, to be held 
in Cincinnati. 

March 28: Inhibitors and Chemical 
Treatments for Corrosion Protection, by 
William P. Innes of McDermid, Inc., 
to be held in Cincinnati. 

April 25: Steels that Fight Corrosion, 
by John J. Halbig, Sr., of Armco Steel 
Corp. to be held in Connersville, Ind. 

May 23: J. S. Long of the University 


Are You Keeping 
Corrosion on File? 


of Louisville will be guest speaker. 
Meeting to be held in Cincinnati. 

Officers recently elected for 1960-61 
are Chairman Sylvan Falck, Vice Chair- 
man Eugene E. Haney, Treasurer 
Arthur D. Caster and Secretary S. 
Clifford Jones. 

e 
Cleveland Section held a plant tour of 
the Sohio Number One Refinery for its 
September 21 meeting. 

° 
Detroit Section heard H. W. Schmidt 
ot Dow Chemical Co., Midland, Mich., 
speak on some experiences with cor- 
rosion at the September 22 meeting. 

a 
Chicago Section held a Ladies’ Night 
program for its September 20 meeting. 

e 
Kansas City Section has scheduled D. 
R. Werner of American Telephone and 
Telegraph Company to speak on ex- 
perience with the deep anode bed at 
Danville, Ill., for the October 10 meet- 
ing. This will be the second meeting 
on deep ground beds. 

International Nickel Company’s film 
“Corrosion in Action” was for 
the September 12 meeting. 

e 
Twin City Section held a discussion on 
corrosion problems associated with the 
paper industry at September 20 
meeting. 


shown 


its 


& 
Northeast Region’s 1960 Conference will 
be October 11-14 at the Prichard Hotel, 
Huntington, W. Va. 


ba ie | 


Would you like a binder that will permit 


you to keep issues in sequence? 


Provided there is sufficient interest by CORROSION 
readers, binders that will hold 12 issues will be avail- 
able at nominal cost. Issues are held securely by a 
steel wire that fastens into the binder. This permits 
you to keep the binder upright on your desk, or in 


a book case. Copies are not damaged 
by the attachment and may be removed 
for permanent sewed binding if de- 
sired. This offer is contingent on a 
sufficient number of orders being re- 
ceived by CORROSION before Octo- 


$ 


Heavy drill green cover over 
stiff boards; round cornered, 
inside lined. Complete with 12 
thin wires. 


FILL IN AND MAIL THIS COUPON 


To: CORROSION, 1061 M & M Bidg., Houston 2, Texas 
Yes, | am interested in a CORROSION binder at $3, and will buy one if offered. 


Number 


Street or P. O. Box 


ENGINEERS 


Oct. 6-7—10th Annual Western Regio, 
Conference, Sheraton -Palace Hote) 
San Francisco, Cal. 

Oct. 6-8—Southeast Region Conference 
Dinkler-Plaza Hotel, Atlanta, Ga, 


Oct. 11-14—Northeast Region Gate. | 


ence. Prichard Hotel, Huntington, 
Va. 

Oct. 19-20—North Central Region Con. 
ference. Pfister Hotel, Milwaukee. 
Oct. 25-27—South Central Region Cop. 

ference. Mayo Hotel, Tulsa. 

November 14-16—Eastern Division, (a. 
nadian Region Conference, Hote 
Royal, Montreal. 

November 17-18—NACE Board of Dj. 
rectors Meeting, Sherman Hotel, Chi. 
cago, Ill. 

1961 

March 12—NACE Board of Director's 
Meeting, Hotel Statler, Buffalo, N, Y 

March 13-17—17th Annual Conference 
and 1961 Corrosion Show, Buffalo, 
N. Y., Hotel Statler. 

March 17—NACE Board of Director's 
Meeting, Hotel Statler, Buffalo, N. Y. 

Oct. 4-6—Western Region Conference, 
Hotel Multnomah, Portland, Oregon 

Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 
Hotel. 

Oct. 24-27—South Central Region Con. 
ference and Exhibition, Shamrock- 
Hilton Hotel, Houston. 

Oct. 30-Nov. 2—Northeast Region Con- 
ference, New York City, Hotel Statler 

Southeast Region Conference, Miami, 
Fla., in conjunction with Miami Sec- 
tion’s short course. 


1962 


March 19-23—18th Annual Conference 
and 1962 Corrosion Show. Kansas 
City, Municipal Auditorium. 

October 1-4—Northeast Region Confer- 
ence, Hotel Sheraton Ten Eyck, Al 
bany, N. Y. 

October 9-11—North 
Conference. 

October 11-12—Southeast Region Cot- 
ference, Birmingham, Ala. 

October 16-19—South Central Regio! 
Conference and Exhibition, Granada 
Hotel, San Antonio. 


SHORT COURSES 


Central Region 


1960 


October 12-13—San Joaquin Valley } 
Corrosion Tour | 


Section Biannual ; 
Registration at Bakersfield Inn, Be 
kersfield, Calif. 

November 7-11—Annual Florida Genera 
Conference Corrosion Short. Course, 
Key Biscayne Hotel, Miami. Sponsoret 
by Miami and Jacksonville Sections. 

e 

Lapel pins approximately 746 inches high, 

made of gold with inlaid red enamel an 

a ruby center, are available to NAC 

members only. Price is $10. Address 

orders to Executive Secretary, 1061 M& 

M Bldg., Houston 2, Texas. 
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NEWS 


KENTUCKY PIPELINE CONSTRUCTION JOB SAVES TIME 
AND MONEY WITH ROSKOTE COLD-APPLIED MASTICS 


Petroleum Exploration, Inc., specified the application 
of ROSKOTE PIPE MASTICS, by the ROSKOTER 
method in the construction of its new transmission 
pipeline from Manchester to London, Kentucky. 


The results — 


Dollar Savings by 
elimination of heating fuel costs, loss from spillage, 
kettle operation and haulage. 
reduction in size of coating crew, and amount of 
equipment required. 


Ime Savings resulting from 
the continuous and steady application of two coats of 


Pipeline built from Manchester, Ky., to serve London, Ky. 

fngineers: Petroleum Exploration, Inc., Lexington, Ky., and 
Sistersville, W. Va. 

Contractor: Cumberland Contracting Co., Monticello, Ky. 


ROYSTON LABORATORIES, Inc. 
Blawnox, Pittsburgh 38, Pa. 


A LEADER IN THE FIELD OF INDUSTRIAL 
COATINGS FOR CORROSION CONTROL 


ATLANTA @ CHICAGO © HOUSTON @ TULSA 
PHILADELPHIA ©SAN DIEGO @ST. PETERSBURG 


quick-drying mastic with the ROSKOTER “minimum 
crew” coating device. 
Superior Protection from Corrosion 
because ROSKOTE MASTICS form a flexible pipe 
coating that is highly resistant to electrolytic action, 
deformation by soil stress, thermal influences and 
attack by moisture, acids, alkalies and salts. 
These same savings and benefits can be achieved on 
your next pipeline project through the use of ROS- 
KOTE COLD-APPLIED PIPE MASTICS. More than 
400 gas and oil companies currently use these pipe- 
line coatings which are adaptable for any application 
method such as brush, spray, glove or line travel oper- 
ation to lines of any length and diameter. 


Royston Laboratories, Inc. MLe-10 


Pittsburgh 38, Pa. 


Please send me complete information about the economies and 
application of: 


Roskote OO Roskoter [} Line travel equipment 


Name 
Company 
Address 


City 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION 


Canadian Region 


Final Changes Given 


For Eastern Division 


Nov. 14-16 Program 


changes and additions to 
program for the November 14-16 
ference of the Canadian Region’s 
ern Division have been made. The 
changes given below refer to the pro- 
gram scheduled published on Page 68 
of the September issue of CORRO- 
SION. 

Abstracts of some of the technical 
papers to be presented are given below. 

Guest speaker for the luncheon on 
November 14 will be H. A. Webster of 
Corrosion Service Ltd. Speaker for the 
November 15 banquet will be L. R. 
Thiesmeyer, who is president of the 
Pulp and Paper Research Institute of 
Canada. 

The title of the paper by W. A Muel- 
ler to be presented November 14 has 
been changed to “A Derivation of the 
Anodic Dissolution Curve of Alloys 
From the Metallic Compo- 
nents.” 


the 
con- 
East- 


Final 


Those of 


“Engineering Design for Corrosion in 
Aluminum Water Pipe” is the new title 
for the paper to be presented by H. P. 
Godard of Aluminium Laboratories, Ltd. 

The new title for the paper by R. D. 
Taylor to be given November 15 is 
“Recent Trends in Anode Mounting on 
Ships and Piers.” 

The paper by C. Birkett for Wednes- 
day morning, November 16, has been 
changed to “The Economic Choice—A 
Method for Deciding.” 

Two papers have been added to the 
Wednesday morning “Role of 
Plastic Pipe in Industry” by P. A. Tur- 
ner of Du Pont of Canada, Ltd., and 
“Properties and Applications of Plastic 
Materials” by C. A. Burt of American 
Hard Rubber Co. 


Abstracts 


A Generalized Description of Metallic Passivity, 
by N. D. Greene, Rensselaer Polytechnic 
Institute. 

Describes metallic passivity, based on concept 
of mixed potentials and results of potentiostatic 
polarization measurements. Active-passive be- 
haviors of iron, chromium, titanium and _ stain- 
less steels are compared with their specific 
corrosion resistant properties. Extension of 
these results to prediction of new corrosion 
resistant alloys and to anodic protection tech- 
niques is discussed. 


session: 


Derivation of Anodic Dissolution Curve of 
Alloys From Those of the Metallic Com- 
ponents, by W. A. Mueller, Pulp and Paper 
Research Institute of Canada. 

Shows derivation of polarization curves of alloys 
from those of the single metallic components. 
Conclusions are corroborated by comparison 
with polarization curves of ferritic and _ aus- 
tenitic stainless steels. Some features of the 
mechanisms involved in growth of passive films 
has been revealed. In active and passive states, 
the metal of lowest rate of dissolution controls 
the dissolution of the alloy if the alloy com- 
position is selected properly. 


Corrosion Resistant Equipment of Titanium, 
Zirconium and Tantalum, by Clifford A. 
Hampel, Skokie, IIl. 

Gives detailed corrosion resistance properties of 
these metals and describes typical equipment 
which can be fabricated from them. All three 
metals become very reactive, in general, at 
temperatures much above about 150 , with 
notable exceptions. All can be fabricated readily 
into a wide variety of equipment. 


Outdoor Corrosion Tests in Canada, by E. V. 
Gibbons, National Research Council, Ottawa, 
Canada. 

Describes atmospheric exposure program begun 

in 1950 to compare corrosion behavior of metals 

after exposure at several locations across 

Canada. Exposure sites and their facilities are 

described. Results are given after one, two and 

tive years for several architectural metals, metal 
coatings and paint systems. 


Corrosion of Domestic Hot Water Tanks, by 
P. J. Sereda, National Research Council, 
Ottawa, Canada. 

Discusses corrosion of galvanized tanks studied 
in domestic installation in Canadian housing 
projects. With sample tanks used, temperature 
Was an important factor affecting corrosion, 
With commercial tanks, use of a 3 kw side arm 
heater in place of the small immersion heater 
was the greatest single factor in reducing cor- 
rosion. Results from tests involving corrosion 
inhibitors was inconclusive, probably because 
the concentration of about 10 ppm was too low. 
Micrographs of galvanized coatings show that 
corrosion attack was irregular starting with fis- 
sures. These fissures appear even in uncorroded 
edges, indicating that they are produced during 
the galvanizing process and that changes in this 
process could unprove corrosion resistance. 


New Corrosion Resistant Coating for Mine 
Hoist Wire Rope, by W. Dingley, J. Bednar 
and R. R. Rogers, Department of Mines and 
Technical Surveys, Ottawa. 

Presents results of an investigation of excessive 
corrosion on mine hoist wire rope. Includes 
description of type of deterioration, an outline 
of experiments in which commercial protective 
materials were used, description of investiga- 
tion in which a new asphalt-zinc chromate 
coating was developed and gives data on per- 
formance of this coating in laboratory tests. 


Officers Are Incorrectly 
Listed as Already Elected 


The list of officers for the Canadian 
Region published on Page 68 of the 
September issue of CorROSION was in error: 
the slate of officers listed as being 
elected were the candidates named by 
the nominating committee. The slate 
will be voted on by mail ballots. 


Northeast Region 


Pittsburgh Section Plans 
All Programs for 1960-61 


completed for the 
1960-61 programs for the Pittsburgh 
Section. A list of the dates and the 
programs scheduled are given below. 

October 6: Combating Automobile 
Corrosion Problems Through Design, 
Special Processing and Materials, by 
Leonard C. Rowe, General Motors 
Corp. 

November 3: Coatings Roundtable, 
Kenneth Vator, chairman. 

December 1: Underground Round- 
table: C. A. Erickson, chairman. 

January 5: Corrosion in Nuclear 
Fields, by J. M. Williams, III, Avco 
Research and Advanced Development 
Co. 

February 2: Aluminum in the Process 
Industries, by Ralph Horst and M. E. 
Carlisle of Aluminum Company of 
America. 

March 2: Corrosion Problems in 
Navigation and Flood Control Struc- 
tures, by M. V. Harrington. 

April 6: Ladies’ Night program. 

May 4: Plant tour of the Duquesne 
Brewery and discussion of corrosion 
problems in the brewing industry. 

* 
Kanawha Valley Section heard N. P. 
Peifer speak on cathodic protection in- 
terference problems at the September 
22 meeting. 


Plans have been 
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Lehigh Valley Section heard Fay Sorg 
of Thiokol Corporation speak on li tif 
polymer epoxy coatings at the Sesaeh., 
19 meeting. 

® 
Baltimore-Washington Section sched- 
uled Leon S. Birnbaum of the Bureay 
of Ships to review the U, S, Navy tank 
coating program for the September mi 
meeting. 

@ 
Metropolitan New York Section hear 
J. R. Allen of du Pont discuss applica. 
tion tolerance of protective coatings for 
the September 14 meeting, 

(Continued on Page 66) 


SECTION. 
CALENDAR 


October 
5 Teche Section. Petroleum Club, 

10 Greater St. Louis Section. Alloys in 
Process Industries, by John Schley, 

10 Kansas City Section. 

10 Central Oklahoma Section. 

North Texas Section. Cathodic Pro- 
tection Studies, by A. R. Erben. 
Torch Restaurant, Dallas, 6:30 pm. 
San Francisco Bay Area Section. 
Houston Section. Houston Engi- 
neers’ Club. 

Permian Basin Section. 
Cleveland Section. 

Alamo Section. 

Southwestern Ohio Section, High 
Temperature Corrosion Problems in 
the Chemical Industry, by John R 
Schley. To be held in Cincinnati, 
Vancouver Section. 

Tulsa Section. 

Panhandle Section. 

San Joaquin Valley Section. Maison 
Jaussard’s Restaurant, Bakersfield, 
Cal. 
Southwestern Ohio Section. 
Genesee Valley Section. Discussion 
on Penton, by G. M. Taylor, Her- 
cules Powder Co. 

November 
2 Teche Section. Petroleum Club. 

4 Birmingham Section. Hydroelectric 
and Steam Plant Construction and 
Corrosion Problems, by R. s Woot- 
ruff. ‘ 
San Francisco Bay Area Section. 
Houston Section. Houston Engineers 
Club. 

Permian Basin 
Greater St. Louis 
Materials for Chemical 
C. R. Martinson. 
Kansas City Section. 
Central Oklahoma Section. Down 
Hole Corrosion, by W. C. Koger 
Tropical Cafeteria, Oklahoma City. 
North Texas Section. New | Tech 
niques of Inhibition in Producing Oil 
and Gas Wells, by D. R. Fincher. 
Baltimore-Washington Section. Slide 
talk on 1960 NACE Conference by 
C. A. Muller. ere 
Chicago Section. Tape Coatings 
Forum and Panel. 

Alamo Section. 

Cleveland Section. 

Vancouver Section. 

Tulsa Section. 

Panhandle Section. , 
Southwestern Ohio Section. Under- 
ground and Industrial Coatings, by 
W. E. Kemp. To be held in Cin- 


cinnati. 


Section. 5 
Section. Roofing 
Plants, by 
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SARAN LINED PIPE 
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Saran Lined Pipe and valves carry hot Fluorides... 
provide dependable corrosion resistance for Alcan 


Vhen pipe must carry a constant flow of extremely corrosive 
nixed fluorides solution . .. when it must operate dependably 
hours a day, seven days a week... that’s when Saran Lined 
Pipe is specified by experienced corrosion engineers. 


At the world’s largest aluminum smelter, in Arvida, Quebec, 
‘gineers of the Aluminum Company of Canada, Ltd. 
ALCAN), have specified the use of Saran Lined Pipe to 
landle the flow of mixed hydrogen fluoride and sodium flu- 
inde solution at 100° F. 


lt this operation, 2000 feet of Saran Lined Pipe and many 
‘wan lined valves are used. Most of the pipe is outdoors, 
‘sting on brackets. Because of the high physical strength of 
‘iran Lined Pipe, no damage results from changing tempera- 


See ‘ ‘The Dow Hour of Great Mysteries”’ 


tures, or from the often-great temperature differential between 
the pipe’s contents and the outside air. Alcan’s engineers 
specified Saran Lined Pipe for this installation because of 
previous highly successful experience with it in similar instal- 
lations at Alcan’s five other smelters. 


Whenever a dependable piping system is required, whatever 
the degree of corrosion or chemical activity, consider Saran 
Lined Pipe. S Saran Lined Pipe, fittings, valves and pumps are 
available for systems operating from vacuum to 300 psi, from 
below zero to 200°F. They can be cut, fitted and modified 
easily in the field without special equipment. For more in- 
formation, write Saran Lined Pipe Company, 2415 Burdette 


Avenue, Ferndale, Michigan, Dept. 2284AU10. 
on TV. 


THE DOW CHEMICAL COMPANY ¢ MIDLAND, MICHIGAN 
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Procedure in Selection of Persons to Receive Whitney and Speller Awards 


Re a ee ee ee ee ee ne 


Procedure in the Selection of Persons to Re- 
ceive the Willis Rodney Whitney and Frank 
Newman Speller Awards as Approved by the 
Board of Directors, December 4, 1953 and 
Revised March 6, 1955 and December 7, 1957. 


The Board of Directors of the National Asso 
ciation of Corrosion Engineers in a_ regular 
meeting on January 17, 1947 authorized the 
presentation annually of two awards by the 
Association: 

The Willis Rodney Whitney Award is given 
in recognition of public contributions to the 
science of corrosion. A contribution to science 
is defined as the development of a more satis- 
factory theory which contributes to a more fun 
damental understanding of corrosion phenomena. 

The Frank Newman Speller Award is given 
in recognition of public contributions to corro- 
sion engineering. A contribution to engineering 
is defined as the development or improvement of 
a method, apparatus or material by which the 
control of corrosion is facilitated or made less 
costly. 

Not later than January Ist of each year, the 
President in consultation with the immediate 
past President shall appoint an awards com- 
mittee. This committee shall consist of at least 
six members with the President serving as 
Chairman. He shall continue to serve as chair 
man of the committee for the calendar year and 
shall present the award to the recipients selected 
by his committee. In the event the President 
upon becoming past President should be unable 
to serve, the President (for the year the award 
is to be made) shall appoint a Chairman. The 
other members of the committee should be out- 
standing members of the Association. Members 
shall be appointed for a three-year term with 
two members being replaced each year. Any 
member who is lost through resignation or for 
any other reason, shall be replaced by appoint- 
ment by the President of the Association. 

The Chairman of the Awards Committee shall 
arrange to keep reasonably detailed records of 
the activities and discussions of the Committee 
These records shall be made available to suc- 
ceeding Awards Committees. 

The Awards Committee shall meet at the An- 
nual Conference, or in the event the Annual 
Conference is not held or is held later than June 
lst the Chairman shall conduct the committee 
business by correspondence. 

The list of candidates to be 
Awards shall include: 

The names of those proposed by the Chair 
men of the Regional Divisions in accordance 
with the wishes of the members of the Division. 
Nominations may be made by local sections or 
may be proposed directly to the Chairman of a 
Region by individual members. In any case, 
nominations should be accompanied by an ap- 
propriate statement of the basis of the proposal. 
This statement shall be reproduced and _sub- 
mitted to all members of the Awards Committee. 
The Committee should have such statement for 
all nominees to be considered. 

Prior to February 1st of each year the Re 
gional Chairman shall forward to the Executive 
Secretary all names proposed for awards, accom 
panied in each case by summaries of the reasons 
presented in support of each proposal but with 
no indication of the number of duplicate nomi 
nations of any individual. The object of this 
latter provision is to insure that awards will be 
made on a basis of accomplishments and other 
qualifications rather than by any semblance of 
a popular vote. 

Not later than October Ist (or the publication 
date of the October issue of Corrosion of each 
year the Executive Secretary shall notify the 
membership through publication in Corrosion of 
their privileges in this regard as set forth here. 
A similar notice shall be mailed by direct letter 
to all region and section chairmen by 
October Ist. 

B. Any names proposed by the members of 
the Committee prior to February Ist of each 
year. 

C. The Committee may review and 
nominees from previous years. 

D. All nominations shall be submitted to the 
Executive Secretary who shall distribute copies 
to all members of the Committee. Nominations 
will be closed on February Ist. 

At the discretion of the Committee members 
the resultant list of candidates may be reduced 
to a workable number by elimination of those 
known to lack the necessary qualifactions. 

a 


As a basis for further consideration by the 
Committee, the headquarters staff of the Asso- 
ciation shall provide the Committee, through its 
Chairman, with a record of the contributions of 
each final candidate in the form of a list of his 
published papers and other works. Such records 
available in the headquarters office may be sup- 
plemented by additional information on the 
candidates’ qualifications which may be secured 
by any member of the Committee from other 


considered for the 


consider 


such as friends of the candidates, and 
especially from the proposers of the candidates 
who should be asked to provide their reasons 
for suggesting them and a summary of their 
accomplishments. Ordinarily, the candidates 
should not be made aware that they are being 
considered for awards by seeking such infor- 
mation from them directly. 

The required activity of the headquarters staff 
should be facilitated by appropriate use of the 
literature abstract filing system. 

The list of candidates about whom the head- 
quarters staff is to provide the information de- 
scribed should be sent by the Chairman of the 
Committee to the Executive Secretary of the 
Association and to each member of the Com- 
mittee not later than May Ist. 

The information to be provided by the head- 
quarters staff should be sent by the Executive 
Secretary to the Chairman and each member of 
the Committee not later than July Ist. 

Information secured by any member of the 
Committee concerning any candidate or candi- 
dates should be sent to the Executive Secretary 
not later than June 15th so that it can be circu- 
lated amongst all the members of the Committee 
not later than July Ist. 

Not later than August Ist, each member of 
the Committee shall submit to the chairman and 
by copy to each member of the Committee his 
first and choice nominations for each 


sources, 


second 


Notes for Guidance 
Of Awards Committee 


A. The Committee shall not recommend 
the same individual for both awards in 
in any one year. 

B. Previous recipient of an award is not 
eligible to receive the same award again. 

C. The recipient of one award is not 
barred from receiving the other award 
for some other year. 

In considering the qualifications, of 
those nominated for awards, the nom- 
inee’s total contributions should be 
taken into account and recent activities 
should not take precedence over the 
recognized results of eariler work. Other 
things being equal, awards should be 
made to the candidates who have been 
contributing consistently for the longest 
period. 

Candidates need 
North America. 
Candidates need not be members of the 
National Association of Corrosion Engi- 
neers. 

Awards shall be 
sons, 

Recipients of the Willis Rodney Whit- 
ney and the Frank Newman Speller 
Awards and the recipient or recipients 
of the Junior Award should be guests 
at the annual NACE banquet. 

I. The President and Vice President of the 
Association and the Chairman of the 
Awards Committee should not be con- 
sidered as candidates for awards. 

February 27, 1958 


not be residents of 


limited to living per- 


award and shall provide with his nominations, 
his appraisal of the qualifications of those he 
is nominating and his reasons for preferring 
them. If a member of the Committee feels that 
no award should be given, he should so state 
by August Ist. Failure to nominate either a first 
or second choice for either award will not re- 
lieve a committee member of the duty of voting 
on the nominations made by others, or of voting 
that no award be made if those nominated are 
not considered satisfactory. . 

Jetween August Ist and September Ist, the 
Chairman shall arrange for a letter ballot elec- 
tion by the Committee of those to be nominated 
for the Awards. If no decision can be made by 
the first ballot, then a second ballot shall be 
taken on those who have received the most and 
and second most votes on the first ballot. In the 
event of a tie for first place on the first ballot, 
only those names shall be considered in a second 
ballot. Similarly, in the event of a tie for second 
place these names, plus the first place name, 
shall be considered on a second ballot. In the 
event a person is nominated for both awards, 
his vote for one award shall not be considered 
in determining his standing in the vote for the 
other award. 

If the Committee should decide that none of 
those nominated are worthy of the Awards, o1 
if no nominations are received, the Committee 
may recommend to the Directors that one or 
both Awards be withheld for reasons to be 
stated in their report to the Directors. 


Recommendations of the Committee shall be 
reported by the Chairman of the Committe s 
the Board of Directors through the eae 
Secretary not later than November 1st. spanve 

In the event that the Committee should be 
unable to reach a decision on candidates cS 
either or both awards, the Committee shall. for 
vide the Board with a list of all those pina 
for consideration and the number of ae Be 
ceived by each on the last ballot of the ah 
bers of the committee. 

_The Board of Directors shall then determine 
either in a regular meeting, or by letter ballot 
returnable not later than December Ist eae 
year, whether the recommendations of ‘the 
Awards Committee are to be accepted and the 
awards made as proposed. If the Board Fr 
Directors do not approve the granting of ar 
award or awards, as proposed by the Awards 
Committee, then such award, or awards, will not 
be made for the year in question. In the event 
that the awards committee has been unable to 
reach a decision on candidates for one or both 
awards, the Board of Directors shall determine 
by majority vote whether an award (or awards) 
shall be made and to whom it (or they) shall 
be granted. . ‘i 

After the Board of Directors have chosen the 
recipients of the awards, the President of the 
Association shall notify the recipients not later 
than December 15th, and _ shall invite each of 
them to be present at the annual meeting or 
other occasion when the awards are to be pre 
sented, The Chairman of the Committee 
arrange to have appropriate certificates inscribed 
for presentation to the recipients of the awards 
and on occasion of any public presentation of 
the awards he shall present the recipients to the 
President or whoever may be serving in his 
stead as Chairman of the meeting, to receive the 
awards at his hands. 

The actions of the Awards Committee shall be 
confidential and confined to consideration only 
as outlined in the procedure until such time as 
the President receives acceptance or rejection 
from the awardees following his notification t 
them. After receiving acceptance of an award or 
awardee, the President shall so notify the Exe- 
cutive Secretary who may publicize the infor. 
mation prior to the actual presentation of the 
award or awards. 


mem- 


Northeast Region 


Schenectady-Albany-Troy 
Section Plans Meetings 


Three meetings to complete its 1960 
calendar have been set and_ programs 
planned by the Schenectady-Albany- 
Troy Section. The meetings are set for 
October 12, November 9 and December 
7. No meeting will be held in January. 
Programs for the 1960 meetings are 
given below. 

October 12: R. J. Schmitt of U. > 
Steel Applied Research Laboratory will 
discuss use of iron, low carbon and 
alloy steels in the chemical industry. 

November 9: Norman Hackerman 0! 
the University of Texas will give 4 
paper on “Status of Corrosion Inhibitor 
Studies and Test Programs.” 

December 7: W. E. Ray of Dresser 
Products Co., Barrington, Mass., will 
discuss corrosion problems of reactor 
core materials in pressurized water fe 
actors. 

@ 
NACE Certificates of Membership ar 
available from the Central Office. Meas- 
uring 5%, x 8% inches, the certificates 
cost $2 each and are signed by the asso 
ciation president and executive secretary. 
& 
Certificates for past chairmen of regions 
and sections, measuring 9 x 12 inches, 
are available from the Central Office at 
$7.50 each. 
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CORROSIVE ENVIRONMENTS 
4,2 Atmospheric : 
47 Molten Metals and 

Fused Compounds 
5, PREVENTIVE MEASURES 
52 Cathodic Protection 
53 Metallic Coatings 
54Non-Metallic Coatings and Paints 
58lnhibitors and Passivators 
59Surface Treatment 
6. MATERIALS OF CONSTRUCTION 
62 Ferrous Metals and Alloys 
6.3Non-Ferrous Metals 

and Alloys—Heavy 
64Non-Ferrous Metals 

and Alloys—Light 


4, CORROSIVE ENVIRONMENTS 
4,2 Atmospheric 


42.3, 5.9.4, 5.8.1 

A Review. The Residual Oil Ash 
Corrosion Problem. C. J. Slunder. Cor- 
sion, 15, No. 11, 601t-606t (1959) Nov. 
Progress being made in combating ac- 
lerated high-temperature corrosion 
aused by combustion products of resid- 
al fuel oils is reviewed. Results of 
boratory investigations cannot be com- 
pared strictly because of wide dif- 
rences in testing procedures used. No 
fective and economical method for re- 
ving all offending ash components 
ss been found, although towering of 
sodium content by washing with mag- 
sium sulfate solution has been applied 
successfully to gas turbine operating. 
\vailable high-temperature alloys do 
t have adequate resistance to oil-ash 
ttack at temperatures above 1200 F. 
mproved corrosion resistance has been 
attained with certain experimental alloys 
tsome of these are difficult to fabri- 
ite nto the required form and have in- 
tor mechanical properties. Surface 
eatments such as aluminizing, chro- 


ing and siliconizing appear to have 


ome inherent protective value, but 


utther development of procedures for 


plying impervious and adherent coat- 
gS is needed. 

Investigation of oil additives has re- 
most attention in recent 
tars. A great many inorganic, or 
ttal-organic compounds are effective 
‘ash corrosion inhibitors but only a 
W have been found to be economically 
casible. Additives raise melting point 
ash components so they will be solid 


operating temperatures in boilers and 
“a8 turbines. 


Under certain conditions 


‘ome additives reduce corrosion but in- 


tease deposit formation. 


being made in_ basic 


~ . 
Togress 1s 


‘tudies to identify reactions taking place 


wing combustion of oil and in appli- 
‘ton ot this knowledge to establish 


tchanism of the corrosion reaction. 


19515 


4.2.3, 7.6.4 

Prevention of Steel Stack Corrosion 
and Smut Emission with Oil-Fired 
Boilers. H. A. Blum, B. Lees and L. Kk. 
Rendle - Inst. Fuel, 32, No. 218, 165- 
171 (1959) April. 

Stack corrosion and smut emission in 
oil-fired boilers were studied. To reduce 
heat losses, the steel stack of a 6000 Ib. 
lb./hr. boiler was fitted with an alumi- 
num shield and a 0.25 in. air gap was 
left. Temperature distribution in the 
stack and the emission of smuts was 
determined with and without the shield 
The smuts are caused by an acid solu- 
tion which deposits from the flue gases 
on cool steel surfaces and forms iron 
sulfates. The shield raises the tempera- 
ture of the stack well above the acid 
dewpoint. 18215 


4.2.3, 4.4.9 

Corrosion of Metals Exposed to Com- 
bustion Gases Below 400 F. Paul D. 
Miller. pp. 169-184 of “A Review of 
Available Information on Corrosion and 
Deposits in Coal- and Oil-Fired Boilers 
and Gas Turbines,” 1959. Available from 
The American Society ot Mechanical 
Engineers, 29 West 39th Street, New 
York 18, New York. 

Pertains to the corrosion of metals by 
the acids of S; attention is also given 
to the possible action of HCl and to N 
oxides. Knowledge on methods for re- 
duction or elimination of the corrosive 
attack on S acids is discussed for many 
studies established definitely that  sul- 
furic acid formed by the oxidation of 
the S present in commercially available 
fuels is the principal cause of the corro- 
sion of metal surfaces in the sections 
of fuel-burning equipment that reach 
temperatures below 400 F.—BTR. 19329 


4.2.1 

Corrosion Resistance of Metals Under 
Atmospheric Conditions. (In Czech.) K. 
Smreek. Korose a Ochrana Materialu, 
3, No. 1-2, 1-4, (1959). 

Corrosion resistance of combinations 
of Fe, Cr, Ni, Al, Zn, Cd, Ag, Cu, Sn 
and Mg influenced more by atmospheric 
conditions than by electrochemical rela- 
tion of the combined metals. Magnitude 
of Cu corrosion in combination with 
Ni, Cd, Sn, Zn or steel was determined 
at 3.5 g/cm* per day.—RML. 19487 


4.2:3, 3.5.9, 4.3.3, 6.2.1 

High Temperature Corrosion Resist- 
ance of Steels on Fuel Oil Ash. (In 
Japanese.) T. Obata, Y. Morishita and 
H. lijima. J. Chem. Soc., Japan, Ind. 
Chem. Sect., 61, No. 10, 1228-1230 
(1958) Oct. 

\ study 
ture corrosion 


was made on high-tempera- 
resistance of steels in 
contact with V:O;, or synthetic ash 
(V:O; 66.6 per cent, NasSO, 19.9 per 
cent, NaCl 3.0 per éent, CaSO, 2.0 per 
cent, NiO 5.2 per cent, Fe:O; 1.8 per 
cent, AlkOs 1.5 per cent). Corrosion re- 
sistance improved as chromium 
tent increased, but decreased as molyb- 
denum content increased. Micro-struc- 
ture was not affected by contact with 
fuel oil ash and intergranular corrosion 
was observed only in one case. MgO 
and MeSQO, had equal inhibitive effects. 
—JSPS. 19381 


con- 


4.2.7, 5.3.2, 6.2.5, 5.9.4 

Corrosion Tests Simulating the Con- 
ditions of a Tropical Climate. (In 
Russian.) I. I. Pomerants and A. I. 
Rivlina. Vestnik Elektroprom., No. 6, 
62-65 (1958). 

Protected and unprotected metal parts 
were tested for 18 hrs. at 43-47 C and 
95-98 per cent relative humidity, fol- 
lowed by 6 hrs. at normal temperature 
and humidity. Surface roughness rapidly 
initiated corrosion and was particularly 
harmful where steel parts were plated 
with Cu/Ni/Cr or Cu/Cr. 18:8 stainless 
steel was more resistant when electro- 
polished. Passivation solution contain- 
ing NasCrO, 25, Na:SOs 20 g/l, HNO 
20 ml gave better protection than Na:- 
CrO;-H:2SO, solution to Cd plating; ad- 
ditional protection was obtained by de- 
greasing and coating with spindle oil 
or BF-2 glue. Various electrodeposited 
coatings were found unsatisfactory for 
use on TB-3 and TB-4 bimetals, because 
of changes in electrical (Pp); 
chem. Ni coatings were satisfactory as 
deposited, but p fell by up to 28 per 
cent on heating at 170-450 C., apparently 
owing to changes in the composition 
and structure of the Ni-P layer. Varnish 
coatings behaved well. Passivation in 
CrO; solution was found superior to 
chem. Ni or electrodeposited Sn or Ag 
for protecting flexible Cu wire. Con- 
structional materials suitable for tropical 


use are listed.—MA. 19405 


resistance 


Abstracts in This Section are selected 
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42.1,222,2.3.2,54.5 
’ Research on the Influence of Climate 
on Paints. M. A. Arnan and C. Shatil. 
Booklet, 1959, 90 pp. Standards Inst. of 
Israel. (In Hebrew with English Sum- 
mary.) 

Natural weathering of a range of 
building paints at five sites representing 
typical Israeli climates was compared 
with accelerated weathering and salt 
spray tests. The best weathering per- 
formance was found in the coastal areas 
and the worst inland in Jerusalem and 
Beer-Sheba, failure being associated 
with strong ultraviolet irradiation at 
Jerusalem and sand erosion at Beer- 
Sheba. Synthetic paints behaved better 
than oil paints and more breakdown 
occurred on wood than on hardboard or 
plywood panels. Accelerated weathering 
tests correlated with natural exposure 
at the coastal sites but not inland. Salt 
spray corrosion resistance tests showed 
fair correlation with exposure at Haifa, 
5 meters from the sea, but little correla- 
tion at Le-Avib, 2000 meters from the 
and none at Beer-Sheba.—RPI. 


19649 


sea, 


A272, Sse 

Climatic Demands and Surface Pro- 
tection. (In German.) H. Burchard. 
Metall, 13, No. 6, 526-536 (1959) June. 

This is a very detailed review of pro- 
tective metals. Eight climatic regions 
are shown on a map and tables give 
their air temperatures, humidities, sur- 
[ temperatures and other character- 
istics. Protective metals are then classi- 
fied and tables give specifications and 
thicknesses for the various climatic con- 
ditions. 3 figures, 8 tables, 6 illustrations. 
—ZDA. 19715 


tace 


4.7 Molten Metals 
and Fused Compounds 


4.7, 6.4.2, 6.3.20, 6.6.4, 8.4.5 

Resistance of Barrier Materials to 
Sodium Jet Impingement. Nuclear De- 
velopment Corp. of America, U. S. 
Atomic Energy Commission Pubn., 
NDA-084-4, Feb. 26, 1958, 48 pp. 
Available from Office of Technical 
Service, Washington, D. C. 

Preliminary screening tests were 
made with several materials to provide 
an index of their suitability as barrier 
materials for use in the SDR. The tests 
were made by directing a jet of sodium 
through a 3/32-in. diameter nozzle at 
uncooled 2 in. by 2 in. plate specimens; 
the sodium jet conditions included tem- 
peratures from 950 to 1140 F, velocities 
up to 50 fps, and impingement times 
ranging from 15 min. to 18 hr. A sum- 
mary of tests made and their results is 
presented. It was found that Al per- 
formed well in these tests. No failure 
of samples having practical thicknesses 
occurred at 950 F in tests which ranged 
up to 18 hr. Failure was finally effected 
at 950 F with a 5-mil aluminum sample. 
It was found that 0.060 in. aluminum 
plate also performed well at 1050 F; 
the maximum test time at this tempera- 
ture was 344 hr. One sample was tested 
at 1140 F and lasted for the length of 
the test (15 min.), but one sample 
tested at 1100 F failed after 3 hr. 
(Maximum Na temp. expected in the 
SDR is 1025 F.) Zr and steel per- 
formed well. While graphites in general 
performed poorely, AGOT-type (reac- 
tor grade) performed well enough to in- 
dicate that it may be developed into a 
suitable high-temp. barrier. (auth.) 
—NSA 19339 
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4.7, 6.3.10, 6.2.5, 3.2.2 
Corrosion by Liquid Metals and 
Aqueous Solutions. P. H. Eisenberg. pp. 
47-62 from “Metals for Nuclear Reac- 
tors”. Book, 1959. American Society for 
Metals, Metals Park, Novelty, Ohio. 
Mass transer and intergranular pene- 
tration in corrosion of Inconel and 
stainless steels by liquid metals. Reac- 
tion of impurities in liquid metal and 
purification techniques. Intergranular 
corrosion, stress-corrosion cracking and 
galvanic corrosion of stainless steels by 
aqueous solution at high temperatures. 
Static and dynamic _ testing —RML. 
19772 


4.7, 6.3.17 

Dissolution Rate of Uranium in 
Liquid Metals. G. J. Segre. Comitato 
Nazionale per le Ricerche Nucleari, 
Milan, Italy. June, 1959, 11 pp. On 
Deposit at the Depository Libraries. 
Microcards available from Microcard 
Foundation, 901 26th St., N.W., Wash- 
ington 7, D.C. 

At 356 C the rate of dissolution of 
uranium in boiling mercury saturated 
with uranium decreases with increasing 
contact time, presumably due to the 
formation of a mercurish film. Initial 
rates as high as 30 mg/cm™“*/hr™ and 
final rates as low as 0.5 mg/cm7/hr™ 
were observed. In uranium-saturated 
molten bismuth at 400 C the corrosion 
rate is 28 mg/cm*/hr™ and is essentially 
independent of exposure time. (auth)— 
NSA. 19476 


4.7, 6.3.9, 6.3.13, 6.3.5 

The Compatibility of Molybdenum, 
Tantalum and Niobium with Liquid 
Bismuth and Bismuth-Uranium Solu- 
tions. (In English.) E. D. Lloyd. 
Plansee Proc. 1958, 1959, 249-256. Avail 
able from Metallwerk Plansee A. G., 
Reutte/Tyrol, Austria. 

Tests were carried out at 700-1000 C 
mainly under static conditions, the 
liquid metal being contained in a cruci- 
ble of the material under test. Molyb- 
denum was also tested in liquid bismuth 
under dynamic conditions by circulating 
liquid bismuth in a molybdenum tube 
inserted in a quartz thermal-convection 
loop. Tantalum and molybdenum show 
good resistance to static bismuth- 
uranium solution up to 800 C. Niobium 
showed poor resistance to liquid bismuth 
at 1000 C. In the dynamic test, molyb- 
denum showed good resistance to ther- 
mal-gradient mass transfer in liquid 
bismuth at low flow rates—MA. 19275 


5. PREVENTIVE MEASURES 


5.2 Cathodic Protection 


5.2.1, 8.4.3 

Mitigation of Casing Corrosion in Gas 
Storage Wells. Y. W. Titterington. 
Paper before AGA, Transmission Conf., 
Dallas, May 18-19, 1959. Gas Age, 124, 
No. 5, 22-29 (1959) Sept. 3. 

Cathodic protection is described as 
providing a field-tested solution to cor- 
rosion problems in storage wells. Causes 
and detection of corrosion are covered, 
as well as current requirements and 
application of cathodic protection. Ex- 
ternal corrosion of well casing may be 
caused by one or more of following fac- 
tors: galvanic cell action between casing 
and surface piping; galvanic cell action 
between formation strata; anaerobic sul- 
fate reducing bacteria; chemical attack 


Vol, 16 


by acidic waters; or stray current elec 
trolysis. Galvanic type action usually 
produces most pronounced effect. Cac, 
potential drop log method of , 
corrosion and of determining current 
requirements, and log current-potentia| 
method of determining current require. 
ments are described. Diagrams, graphs 
—INCO. . 19573 


t. Casing 
letecting 


5.2.1, 4.6.11, 8.9.3 

Cathodic Protection of Marine Pipe. 
lines. (In Russian.) M. S. Trifel, V, F 
Negreev and S. A. Mekhmandaroy 
Stroitel Truboprovodoy (Pipeline Cop. 
struction), 4, No. 8, 47 (1959) Aug. 
To prevent corrosion of steel pipelines 
in sea water, either the potential mug 
be made 0.15 v. more negative, or 4 
protective current density of 0,15 
amp/sq m must be applied to the pipe- 
line. The second method can be used 
only to protect uninsulated pipelines jn 
cathodic protection under water the 
negative displacement of the potential 
continues long after the protective cur- 
rent has been switched off, owing to 
deposition of magnesium and calciu 
salts on the steel surface. Underwater 
protection can therefore be applied 
intermittently (one month on and tw 
months off), cutting the consumption of 
anodes and electrical power by two- 
thirds. 19547 


5.2.2, 7.10 

Cathodic Protection for the Kojima 
Lake Gates. (In Japanese.) Eiji Fuku 
tani and Hisahiko Osato. Corrosion En- 
gineering, 9, No. 2, 49-51 (1960) Feb 

The Kojima Lake is an artificial lak 
The bank was built at the narrowest 
point of the Kojima Gulf and it sepa 
rates the sea and the lake. There are 12 
watergates and one set of lockgates 
The gates were painted by vinyl paint 
3 years ago. The paint is deteriorated t 
some extent, and rust was found from 
place to place. The gates are now pro- 
tected by sacrifiical anodes, The lock- 
gates are opened ~ 30 to 40 times daily 
and several watergates are opened dail 
for a few hrs, to adjust the lake water 
level. Therefore, polarization of gates 
will be interrupted quite frequently. The 
resistivity of lake water is affected by 
many factors, i.e. season, weather, water 
depth, duration and frequency of gate 
opening, leakage rate of the gates, etc 
Zinc anodes are used in the sea and in 
the lock chamber, and magnesium 
anodes are used in the lake. Protective 
current density is 40 mA/m? and de- 
signed potential of the gates is —900 m\ 
referred to S.C.E. Satisfactory results 
are obtained in the seaside, but mim 
mum protective potential of —770.m\ 
referred to S.C.E. is maintained in the 
lock chamber and in the lake. 19151 


5:2.3 

The Permanent Anode in Impressed- 
Current Cathodic Protection Systems. 
Parts 1, 2. C. A. Curtis. Corrosion Tech- 
nology, 6, Nos. 10, 11, 296-298; 333-334, 
342 (1959) Oct., Nov. ; 

Describes manufacture, properties, 
uses and limitations of principal mater 
als used as anodes in impressed curretl 
cathodic protection systems, together 
with some indication of effects of differ 
ent environments upon these materials 
Graphite, silicon, iron, scrap steel, lead, 
platinized lead, and platinized titanium 
are covered. Fundamental principles 
connection are also considered. ‘Tables, 
graphs, diagrams, 5 references.—INCO 
19060 
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niober, 1960 


523, 6.2.2, 4.6.11 re 
Use of Titanium and Titanium Alloy 
Anodes for Impressed-Current Cathodic 
Protection. (In French.) H. Richaud. 
rrosion et Anticorrosion, 7; No, >% 
19.324 (1959). . i 

“The best results were obtained with 
‘Mn alloys, which are particularly 
aitable for protection of Fe in_ sea- 
yater. Their application is, however, 
nited to c.d. of ~10 m.amp/dm’, above 
which localized corrosion occurs. For 
ih anodic c.d., platinum-plated tita- 


yum should be used—MA 19442 


52.1, 3.8.2, 3.8.3 

Cathodic Protection and Its Applica- 
tions in the Maritime Field. (In 
French.) B. Raclot. Corrosion et Anti- 
orrosion, 7, 342-355 (1959) Oct. 
Theoretical considerations on the cor- 
sion behavior of a metal immersed in 
n electrolyte and its state of passivity 
r immunity. Cathodic protection by 
acrificial anodes or by connecting the 
art to be protected to a chemically 
nert anode—RM L, 19410 
52.3, 3.6.3, 4.5.1 

Cathodic Protection of Steel in a 
High-Resistivity Environment. National 
ureau of Standards. Technical Rept. 
STR-2410, Dec., 1959. Available from 
XBS fi Technical Information 


pe 


S, Office ot 
ud Office of Technical Services, Wash- 
neton, D. C. 

When cathodic protection against cor- 

sion is employed for steel structures, 
uch as pipelines, in a high-resistivity 
wil, the potential should be maintained 
it -0.77 volt, with reference to a satu- 
ated calomel electrode. Furthermore, to 
achieve the best results in mitigating 

al action corrosion, IR (voltage) 
top between metal and reference elec- 
rode, caused by the externally applied 
protective current, should be excluded 
om potential measurements. These 
mclusions were drawn from a National 
ureau of Standards experiment, car- 
ned out under laboratory conditions. 

19355 
52.3, 4.6.7, 4.6.3 

Second Interim Report on Use of 
High Silicon Cast Iron for Anodes. Re- 


TECHNICAL 
REPORTS 


on 


PIPE LINE CORROSION 


T-2 Statement on Minimum Require- 
: ments for Protection of Buried Pipe 
Lines. Prepcred by a Special Task Group of 
NACE Technical Group Committee T-2 on Pipe 
rig corrosion. Publication No. 56-15. Per Copy 


TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 


members, $3; Non-members, $5 Per Copy. 


TP-3 First Interim Report on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 Per Copy. 


T-2B Final Report on Four Annual Anode 
; Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for Impressed 


Current. Publication 56-1. Per Copy $3.00. 


T-2B Use of High Silicon Cast Iron for 

2 Anodes. First Interim Report of 
Unit Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $1.75. 


T-2B-4 Second Interim Report on Use of 
High Silicon Cast Iron for Anodes 
by Task Group T-2B-4 Use of High Silicon Cast 
Iron for Anodes. Publication 59-16. Members 


$1.50; Non-members $2.00 Per Copy. 


CORROSION ABSTRACTS 


port of NACE Technical Unit Commit- 
tee T-2B on Anodes for Impressed Cur- 
rents. Pub. No. 59-16, 12 pp., July 1, 
1959. National Association of Corrosion 
Engineers, 1061 M & M_ Building, 
Houston 2, Texas. 

Data from more than 250 separate 
installations are collected, analyzed and 
tabulated, continuing information pre- 
sented in the first interim report. Con- 
sidered separately are ground beds, fresh 
water service and salt water service. The 
report says data support earlier evidence 
that corrosion of anodes is negligible in 
coke breeze backfill. Service in fresh 
water is generally good except at tem- 
peratures in the 160-200 F range. Molyb- 
denum appears to have effect of 
extending service life. 

In salt or brackish water evidence in- 
dicates that molybdenum additions are 
beneficial in extending life, especially at 
higher temperatures. Regular high sili- 
con anodes are not recommended for 
use in low resistivity salt water. 19349 


5.2.3, 4.6.7, 4.6.3 

Third Interim Report on Use of High 
Silicon Cast Iron for Anodes. Report of 
Technical Unit Committee T-2B on 
Anodes for Impressed Current. Pubn. 
No. 57-17, 13 pp., July 1, 1959. National 
Association of Corrosion Engineers, 
1061 M & M Building, Houston 2, 
Texas. 

Reports of data received 
questionnaires circulated by 
T-2B-4 during 1957 are reported. Data 
show no appreciable difference exists 
in performance of high silicon cast iron 
and graphite in a well tamped coke 
breeze backfill. Results indicate high 
silicon iron possesses excellent resist- 
ance to various fresh water under nor- 
mal temperature conditions. High silicon 
iron containing molybdenum shows bet- 
ter performance than regular alloy under 
adverse salt water conditions, 

General results of this survey are 
divided into three groups: ground bed, 
fresh water and salt water applications. 
Tables are included giving typical in- 
stallations for each group. 19350 


in reply to 
Task Group 


T-2B-4 Third Interim Report on Use of 

High Silicon Cast Iron for Anodes 
by Task Group T-2B-4 Use of High Silicon Cast 
Iron for Anodes. Publication 59-17. Members 
$1.50; Non-members $2.00 Per Copy. 


T-2B-4 Fourth interim Report on Use of 

High Silicon Cast Iron for Anodes. 
A Report of Technical Unit Committee T-2B, 
Prepared by NACE Task Group T-2B-4 on 
High Silicon Cast Iron Anodes. Publication 
60-3. Per Copy $1.50. 


T-2C Some Observations of Cathodic 

Protection Potential Criteria in 
Localized Pitting. A Report of T-2C on Minimum 
Current Repuirements for Cathodic Protection. 


Pub. 54-2. Per Copy $1.50. 

T-2C Some Observations on Cathodic 
Protection Criteria. A contribution 

to the work of NACE Technical Unit committee 

T-2C. Publication No. 57-15. Per Copy $2.00. 


T-2C Criteria for Adequate Cathodic 

Protection of Coated, Buried, Sub- 
merged Steel Pipelines and Similar Steel Struc- 
tures. A Report of NACE Technical Unit Com- 
mittee T-2C on Criteria for Cathodic Protection. 
Pub. 58-15. Per Copy $1.50. 


T-2D Methods for Measuring Leakage 
Conductance of Coating on Buried 
or Submerged Pipe Lines—A Report of Tech. 
Unit Committee T-2D on Standardization of Pro- 
cedures for Measuring Pipe Coating Leakage 
Conductance. Pub. 57-27. Per Copy $1.50. 


T-2G Tentative Recommended Specifica- 
tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of Tech- 
nical Unit Committee T-2G on Coal Tar Coatings 


for Underground Use. Per Copy $1.50. 
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5.2.1, 8.4.3, 2.4.2 

Cathodic Protection of Storage Well 
Casings. W. R. Lambert and G. G. 
Campbell. Paper before Am. Petroleum 
Inst., Div. of Production, Pittsburgh, 
April 8-10, 1959. Gas Age, 124, No. 1, 
21-24 (1959) July 9. 

Discussion of cathodic protection of 
underground storage facilities, with con- 
clusions based on tests made on well 
casings and field gathering lines of 
United Fuel Gas Co. A probe for mak- 
ing potential drop measurements was 
designed during 1955 and 1956. It con- 
sisted of 2 contacts that could 
be spaced at predetermined intervals by 
selection of proper length of divider 
pipe. Contact points were made of steel 
with Stellite facing, and were fastened 
to contact springs made of spring steel. 
Four field tests have been made to date 
with this probe; results are described. 
It may be common practice in near 
future to apply a protective coating to 
casing before it is put into ground. 
United Fuel Gas Co. has already taken 
a step in this direction. Use of either 
anodes or rectifiers for cathodic protec- 
tion will be dependent upon conditions 
in particular well or field under investi- 
gation.—INCO. 19277 


5.2.3, 8.9.5, 1.2.2 
Nonsacrificial Lead Anode for Corro- 
sion Control in Water. Lead, 22, No. 4. 
4-6 (1958). 
Lead alloy anodes are economically 
and technologically superior to graphite, 
platinum, or magnesium anodes 
for impressed current cathodization. 
The anodes and mountings can be easily 
applied to any ship or marine structure, 
have an almost indefinite life, and offer 
little resistance to a ship’s movement 
through water. The approved anodes are 
made of extruded lead alloyed with 6 
percent antimony and 1 percent silver 
or 98 percent lead and 2 percent silver. 
The hull of a destroyer equipped with 
such anodes was rust-free after two 
years. The cost of the anode system 
was about $890 per year compared with 
$2018 per vear for a magnesium system, 
and $3813 for a steel system. 19279 
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T-2H First Interim Report. Tentative 
Recommended Specificctions for 
Asphalt Type Protective Coatings for Under- 
ground Pipe Lines—Wrapped Systems. A Report 
of NACE Technical Unit Committee T-2H on 
Asphalt-type Pipe Coatings. Publication No. 
57-11. Per Copy $1.50. 

T-2H Second Interim Report. Tentative 
Recommended Specificctions for 
Asphalt-type Protective Coatings for Under- 
ground Pipe Lines—Mastic Systems. A Report 
of NACE Technical Unit Committee T-2H on 
Asphait-type Pipe Coatings. Publication No. 
57-14. Per Copy $1.50. 

T-2H Tentative Recommended Specifica- 
tions for Asphalt-Type Protective 
Coctings for Underground Pipelines (Minimum 
Recommended Protection). A Report of NACE 
Technical Unit Committee T-2H on Asphalt Type 
Pipe Coatings. Pub. 58-12. Per Copy $1.50. 
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§22, 122,835 

Interior Protection of Tankers 
Against Corrosion. (In Russian.) L. N. 
Andryu shkina. Sudostronenie, No. 6, 
48-49 (1959). 

The economic advantage of sacrificial 
anodes in protecting ships against corro- 
clearly shown by calculations. 
A system of anodes for protecting the 
interior surface of the tanks and the ex- 
terior of the hull will protect more than 
80 per cent of the ship’s body against 
corrosion. The most effective system 
for tankers is the two-stage system 
which main electrodes and 
a large auxiliary electrodes 
of large surface area. The auxiliary and 
the main electrodes may be combined 
into a single assembly. 19639 


5.2.2, 6.2.2 
Cathodic Protection with Zinc as 
Active Anode. (In German.) E. Eberius 
and H. Bohnes. Metall, 13, No. 8, 743- 
746 (1959). 
The use of 
iron 


sion is 


consists of 


number of 


zine sacrificial anodes for 
is discussed. The effect of the area 
ratio, ventilation and circulation of the 
3.5 per cent NaCl electrolyte was in- 
vestigated. The composition of the zinc 
anode is also discussed in detail. 5 fig- 
ures.—ZDA. 19770 


5.3 Metallic Coatings 


5.3.4 

Hot Dip Galvanizing: New Knowl- 
edge and Results. (In German.) H. 
Bablik. Osterreichische Ing. Z. (Aus- 
tria), 1, 91-96 (1958) Feb. 

Topics discussed include the iron-zinc 
alloy formed in galvanizing, the influ- 
ence of aluminum, the connection be- 
tween immersion time and strength of 
coating, and factors affecting the rate of 
corrosion. Corrosion due to sulfur fumes 
is more severe during the winter months 
and in the dark. 7 figures, 12 tables — 


ZDA. 19636 


5.3.4, 6.3.9, 3.5.9 

Protection (by Electrodeposition of 
Chromium/Nickel) of Molybdenum 
from Oxidation at Elevated Tempera- 
tures. Dwight E. Couch, Harold Sha- 
piro, John K. Taylor and Abner Bren- 
ner. J. Electrochem. Soc., 105, No. 8, 
450-456 (1958). See Corrosion, 15, 
No. 5, 110 (1959) May. 

After electrodeposition of 0.001 in 
Cr/0.007 in. nickel, molybdenum sam- 
ples were exposed under oxidizing con- 
ditions at 980, 1100 and 1200 C._ for 
1200, 500 and 100 hours, respectively. 
Samples tested at 120 C failed rapidly, 
and at 1000 C the results were very 
variable. Shot peening and _ ball-milling 
of the deposits did not improve the life. 
Oxidation and diffusion both contribute 
to failure. 16 references —MA. 19705 


5.3.2, 8.9.1 

The Cadmium Plating of Aircraft 
Components. LL. Ades. Efco-Udylite 
view, 1, No. 3, 26-27 (1959) Mar. 

Cadmium plating of aircraft parts 
presents many problems which are very 
difficult to solve, due to the nature and 
complexity of the articles. Initial un- 
satisfactory plating led to the adoption 
of a much more thorough cleaning sys- 
tem, and to de-embrittlement for three 
hours at 200 C after simple passivation 
in a sulfuric-chromic acid bath. After 
de-embrittlement the articles were 
washed in water then chromated with 
a Cronak-type solution. —ZDA. 19625 


1444 


also: 


Re- 


NATIONAL ASSOCIATION OF 


5.3.4, 8.4.5 
Proposed Experimental Apparatus 
Design and Procedures for Vapor Phase 
Plating. J. Bodine. Atomic International 
Div.. North American Aviation, Inc. 
U. S. Atomic Energy Commission 
Pubn., NAA-SR-Memo-4209, July 31, 
1959, 36 pp. Available from Office of 
Technical Services, Washington, D. C. 
It has been proposed to clad uranium- 
10 weight percent molybdenum = and 
other reactor fuels with molybdenum, 
chromium and/or other metallic films 
by vapor phase plating. An apparatus 
was designed for plating uranium-10 wt. 
percent molybdenum fuel slugs 34-in. 
diameter by 6-in. long, by thermal de- 
composition of a metal carbonyl. The 
first trial of the experimental investiga- 
tion will be the plating of molybdenum 
from its carbonyl, Mo(CO)«—NSA. 
19647 


5.3.4, 6.3.17, 4.6.2, 8.4.5 

Electroplated Metals on Uranium. J. 
G,. Beach, W. CC. Schickner. C. RK. 
Konecny and C. L. Faust. Battelle 
Memorial Inst. U. S. Atomic Energy 
Commission Pubn., BMI-912 (Del.), 
May 7, 1954 (Declassified with deletions 
June 18, 1959), 33 pp. Available from 
Office of Technical Services, Washing- 
ton, D.C. 

Electroplating on uranium is being 
studied in connection with the develop- 
ment of an improved, slug-type fuel ele- 
ment for the Hanford Reactors and an 
aluminum-clad, flat-plate fuel element 
for the Savannah River Reactors. Four 
factors were found to influence the 
corrosion protection of uranium by 
electroplated metals: uranium surface 
preparation, method of electrodeposi- 
tion, type and thickness of electroplated 
metal and conditions of heat treating 
required to surface alloy the composite. 
The alloy-coated uranium resists cor- 
rosion in boiling water for periods from 
100 to 1000 times that of bare uranium. 
Hot-water attack of this alloy-coated 
uranium is generally localized as_ pit- 
type corrosion at areas of defects origi- 
nating in the uranium metal. Thin 
as-deposited metals on uranium offer 
little or no corrosion resistance. Heat 
treatment of aluminum, chromium, cop- 
per, manganese, tin, or zinc-plated ura- 
nium did not provide 
ance. (auth)—NSA. 


resist- 
19677 


corrosion 


5.3.4, 6.3.17, 4.6.2 

Electrodeposition of Nickel on Ura- 
nium. A. P. Beard and D. D. Crooks. 
Knolls Atomic Power Lab. U.S. 
Atomic Energy Commission Pubn., 
KAPL-1181, August 31, 1954 (Declassi- 
fied November 30, 1959), 34 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

Electrodeposited nickel coatings on 
uranium for protection from destructive 
corrosion in boiling water was investi- 
gated. Correlation between the pretreat- 
ment of the uranium and subsequent 
protection by thin nickel coatings was 
established. Thin electrodeposited nickel 
coatings provide better protection when 
applied to a matte surface produced by 
blasting with an aqueous suspension of 
silica (100 mesh) followed by a cathodic 
treatment in 35 wt. percent sulfuric acid 
than when applied to the rough surfaces 
produced on uranium by anodic 
treatments and acid pickling. Blistering 
of nickel electrodeposits arising from 
hydrogen was encountered and _ elimi- 


nated. (auth)—NSA, 19685 
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5.3.4 

Hot Dip Galvanizing. Erling p 
Teknisk Ukeblad, 106, No. 36, 
(1959) October 1. 

Statistical review of zine production 
and hot dip galvanizing in Norway, 
Corrosion problems and _ protection of 
steel by galvanizing. Review of the 
metallurgy of hot dip galvanizing and 
how the physical properties of steel 
mane certain conditions can be changed 
by galvanizing. Summary of 
esteaioua TR. 


SS.4, 2.me 
Outdoor Corrosion Results with 
Chromium-Nickel-Chromium Plate, } 
Grown and M. Weinberg. Paper befor 
Am. Electroplaters’ Soc., Golden Jubi- 
lee Conv., Detroit, June 15-19, 1959 
Tech. Proc. Am. Alectroplaters’ Soc 
46, 128-132; disc. 367 (1959). 
Excellent corrosion protection results 
obtained in outdoor exposure in indus. 
trial atmosphere for plating sequence oj 
Cr-Ni-Cr plate, Cu-Cr-Ni-Cr plate an 
Ni-Cr-Ni-Cr plate on steel and Zn die- 
cast are detailed together with plating 
procedures used, Results are compared 
with Cu-Ni-Cr and Ni-Cr_ plates of 
various thicknesses. Types of corrosiot 
pits encountered are compared and 
illustrated. Systems in which high tem- 
perature type of Cr plate was used 
beneath Ni plate in thicknesses of about 
0.05 mils of Cr gave outstanding out- 
door corrosion protection even after 3 
years exposure in Detroit. Underneat! 
Cr tends to divert corrosion pits 
laterally in Ni instead of allowing down- 
ward penetration into basis metal. Pho- 
tomicrographs, 6 references.—INCO 
19693 


Faaten, 
789-707 


standard 
19694 


Dae, 0.0.9 

Oxidation Protection of Molybdenum 
Alloys with Reference to Their Appli- 
cation in Turbine Units. (In German.) 
H. Buckle. pp. 151-174 of “Plansee 
Proceedings— High Melting Metals” 
1958 (Pubn. 1959). Metallwerk Plansee 
AG., Reutte/Tyrol, Austria. 

Oxidation protection by nonmetallic 
coatings or by Ti, Pt, Cr and complex 
metal platings obtained by spraying, 
dipping and vapor deposition. 30 refer- 
ences.—R\} 19714 


5.3.4, 5.4.5, 4.6.11, 8.9.5 

Protection by Metal Spraying of 
Steel Ships Against Sea-Water and 
Electrolytic Corrosion. (In French.) 
Manley H. Clark. Paper Presented at 
Internat. Conf. Assoc. Metal Sprayers, 
Birmingham 1958. Corrosion et Ant 
Corrosion, 7, No. 7/8, 294- 297 (1959.) 

Practical and test experiences demon- 
strating the efficiency of sprayed Zinc 
coatings covered by an organic paint are 
quoted. Aluminum coatings under poly- 
vinyl paints vive excellent protection 
against the effects of marine and indus- 
trial atmospheres and intermittent im. 
mersion in sea-water.—MA. 19722 
a ra ae ee a 


5.4 Non Metallic Coatings 
and Paints 


5.4.5 

Primers for Protection of Metals 
Against Corrosion. A. Carbouriech. Ann. 
Inst. Batim, 11, No. 120, 947-952 (1958). 

A general discussion of the properties 
and effectiveness of priming coats base 
on red lead, ferriferous or aluminous 
pigments, zinc chrome, aluminum oF 
zinc powder. Experience shows _ that 
these paints behave differently and cat 
be used to satisfy specific requirements. 


—RPI. 19578 
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October, 1960 


4.5 
_* Painting Reminders for Steel 


ei we. Yarhouse. Iron Steel 
ng. 35, 129-141 (1958). 

‘tos consideré ations covering the selec- 
tion, preparation, application and condi- 
fons of use of paint in steel plants are 
‘cussed. An appendix deals with com- 
non finishing troubles and defects and 


their correction. —— ee. 19618 


54.5, 5.7.6 

Permeability to Ions of Paint Films. 
K Barton, D. Cermakova and E. Bera- 
nek, Werkstoffe u. Korrosion, 9, No. 8/9, 
319-521 (1958). 

The addition of ion exchange resins 
; conventional film primers was studied 
3a means of preventing diffusion of 
“orrosion- promoting ions to the metal 
substrate. Two materials were used, in 
vanular form, for incorporation in 
kyds, viz. a phenol polycondensate 
resin with ® sulphonic groups (cation 
exchanger) and a m-phenylenediamine 
resin. (anion exchanger). Films were 
pplied to a total thickness of 80-100 u 
ind diffusion ot hydrochloric acid fol- 
wed. It is shown that the ion ex- 
changers reduce the diffusion markedly, 
n admixture more than singly, and 
that the surface of each film presents a 
barrier to diffusion giving rise to inter- 
at blistering; this is explained on 
the basis of a higher degree of 
nking of the surface than the Sato 
Practical trials on steel confirm the 
alue of the addenda in reducing under- 
film corrosion.—RPI. 19641 


cross- 


$4.5, 2.3.5, 4.6.11 


Evaluation of Protective Capacity of 
Painted Film Immersed in Artificial Sea 
Water by Dissipation Factor Measure- 
ment. (In Japanese.) G. Okamoto, T. 
i rozumi and ‘T. Yamashina. J. Chem. 
c. Japan, Ind. Chem. Sect., 61, No. 3, 
1.295 (1958) March. 
The dissipation factor (tan 8) of 13 
anted mild steel specimens was meas- 
ed in the frequency range of 0.2-10 
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Some Corrosion Inhibitors—A Ref- 


T-3A 
, erence List. A Report of T-3A on 
./ Inhibitors. Publication 55-3. Per Copy 


T-3B Bibliographies of Corrosion Prod- 

ucts. Section One—A Report by 
NACE Technical Unit Committee T-3B on Corro- 
s08 , Products. Publication No. 57-5. Per Copy 


T-3B Bibliographies of Corrosion Prod- 
ucts, Section Two—A Report of 
NACE Tech. Unit Committee T-3B on Corrosion 


Products. Pub. 57-21. Per Copy $1.50. 


T-3B Identification of Corrosion Products 

on Copper and Copper Alloys. A 
Report of NACE Tech. Unit Committee T-3B on 
Corrosion Products. Pub. 59-13. Per Copy $1.50. 


T-3B Bibliographies of Corrosion Prod- 

ucts. Section Three—A Report of 
NACE Technical Unit Committee T-3B on Cor- 
an Products. Publicction 60-4. Per copy 


T-3B The Analysis and Composition of 

Aluminum Corrosion Products. A 
Report of NACE Technical Unit Committee T-3B 
on Corrosion Products. Publication 60-5. Per 
copy $1.75. 
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k.c /sec after 2 or 3 hrs. of dipping the 
specimen in artificial sea water. An in- 
termittent observation of a.c. resistance 
(1 k.c./sec) of the same samples was 
also taken. Specimens could be classified 
in two groups: one group with rather 
high values of tan 6 (1.0-0.5 at 0.2 k.c./ 
sec and 0.1-0.15 at 10 k.c./sec) and the 
second group with comparatively small 
values of tan 8 (0.1-0.2). The ac. re- 
sistance of the first group tended to 
decrease soon after immersion in arti- 
ficial sea water while the a.c. resistance 
of the second group kept high value 
of ~ 10° 2 for days. 
Protective value of paints can thus be 
predicted by measuring the value of tan 
6 of the painted specimen even at the 
early stage of immersion.—JSPS. 19379 


several 


5:45, 636, 7.2 

Plastic-Coated Copper Water Pipes. 
r, Wiedemann. Metall, 12, No. 11, 1001- 
1003 (1958). 

An illustrated review of the nature, 
properties—particularly heat insulation 
and corrosion -resistance—and economics of 
polyvinyl chloride-coated copper pipes for 
cold- and hot-water installations —MA 

19590 
5.4.10 

Wrapping for Protection with Petro- 
latum-Based Tape. W. A. Brewis. Cor- 
rosicn Technology, 7, 9-11 (1960) Jan. 

\ grease type wrapping based on 
petroleum jelly carried on cotton, 
or nylon gives complete protection to 
exposed or buried pipelines even in 
fresh or salt water. The main limitation 
is a temperature of 90 C. This wrapping 
is protected by an overwrapping of 
plasticized bitumen. When cathodic 
protection is called for the tape 
should be used with polyvinyl chloride 
backing. 19765 


elass 


erease 


5.4.5, 2.3.5 

Protective Action of Varnish Coat- 
ings. V. A. Kargin, M. I. Karyakina 
and Z. Berestneva. Doklady Akad. 
Nauk, 120, No. 5, 1065-1067 (1958). (In 


Russian. ) 


T-3C Amount of Annual Purchases of 
Corrosion Resistant Materials by 
Various Industries—A Report of NACE Tech. 
Unit Comm. T-3C on Annual Losses Due to Cor- 
rosion. Pub. 59-8. Per Copy $1.50. 
T-3E Tentative Procedures for Preparing 
Tonk Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 on Corro- 
sion Control of Railroad Tank Cars. Per Copy 
$1.50. 
T-3F Symposium on Corrosion By High 
Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, by 
John F. Eckel; Corrosion of Structural Materials 
in High Purity Water, by A. H. Roebuck, C. R. 
Breden and S. Greenberg; Corrosion Engineering 
Problems in High Purity Water, by D. J. DePaul; 
The Importance of High Purity Water Data to 
Industrial Application, by W. Z. Friend. A Sym- 
posium sponsored by NACE Technical Unit Com- 
mittee T-3F on Corrosion by High Purity Water. 
Per Copy $3.75. 
T-3F Symposium on Corrosion By High 
Purity Water. Five Contributions to 
the work of NACE Tech. Committee T-3F on 
High Purity Water. By A. A. Sugalski and S. L. 
Williams—Measurement of Corrosion Products in 
High Temperature, High Pressure Water Systems. 
By F. H. Krenz—Corrosion of Aluminum-Nickel 
Type Alloys in High Temperature Aqueous Serv- 
ice. By R. J. Lobsinger cand J. M. Atwood— Cor- 
— of Aluminum in High Purity Water. By 
R. Dlesk—The Storage of High Purity Water. 
By D. E. Voyles and E. C. Fiss—Water Condi- 
tions for High Pressure Boilers. Pub. 57-22. Per 


Copy $6.50. 
T-3F Symposium on Corrosion by High 
Purity Water. Four Contributions to 
the Work of NACE Tech. Unit Comm. T-3F on 
High Purity Water. Pub. 58-13. Per Copy $5.50. 
Corrosion Behavior of Zirconium-Uranium AI- 
loys in High Temperature Water by W. E. Berry 
and R. S. Peoples. 


71 


The effect of diffusion by aggressive 
substances through varnish coatings was 
studied electrochemically by the method 
of anodic or cathodic polarization with 
a large potential difference; the method 
permits the estimation of the protective 
characteristics of film costa s. Using 
platinum as the cathode and varnish- 
coated iron as the anode, the amount 
and rate of corrosion by a 0.01 N solu- 
tion of soda were measured and com- 
pared with those at an unprotected iron 
anode. Corrosion is a conversion of the 
metal into various chemical substances: 
their formation at the metal film contact 
layer signifies the appearance of a new 
phase. While the diffusion characteris- 
tics are a basic factor determining the 
protective properties of varnish and 
lacquer coatings, adhesion of film to 
metal was found to play a vital role; 
the high adhesiveness of some coatings 
inhibits ‘the formation of the new phase 
at the film/metal contact layer—RPI. 

19257 
5.4.5 

Practical Experience with Protective 
Coatings at Pretoria. N. P. Nicolle. 
Inst. Sew. Purif., 11, 208-209 (1958). 

Bituminous coatings proved unsatis- 
factory for severe conditions, linseed 
oil/red lead primers with enamel finish- 
ing coat, graphite-based special prepa- 
rations and anticorrosive and under- 
water coatings, aluminum paint and 
cold galvanizing proved unsuccessful on 
poorly cleaned suriaces, but rubber and 
chlorinated rubber paints were remark- 
ably reliable under these conditions. 
Alkyd enamels proved fair and phenolic 
enamels over a zinc chrome primer were 
satisfactory. On flame-cleaned metal, 
plastic polyvinyl chloride over a primer 
and an intermediate coat was sound 
after 2 years. On sand-blasted surfaces, 
the best results were obtained with lin- 
seed oil/red lead primers topped with 
an enamel finish; rubber and chlorinated 
rubber paints were also satisfactory and 
plastic polyvinyl chloride coatings over 
a primer and intermediate system 
were ver good.—RPI. 19347 


coat 


Corrosion and Water 
Army Package Power Reactor by R. 
A. Louis Medin. 


Removal of Corrosion Products from High Tem- 
perature, High Purity Water Systems With an 
Axial Bed Filter by R. E. Larson and S. L. 
Wiliams. 

Some Relations Between Deposition and Corro- 
sion Contamination in Low Make-Up Systems for 
Steam Power Plants by E. S. Johnson and H. 


Kehmna. 

T-3G-1 Cathodic Protection of Hulls and 
Related Parts. A Report of NACE 

Task Group T-3G-1 on Cathodic Protection of 

Hull Bottoms of Ships. Publication 60-7. Per 


copy $1.50. 
T-3G-3 Cathodic Protection of Process 
Equipment—A Report Prepared by 
NACE Task Group T-3G-3 on Cathodic Protec- 
“ of Process Equipment. Pub. 59-9. Per Copy 
-50. 


T-3H 


Purity Control for the 
J. Clark ond 


Some Consideration in the Eco- 
nomics of Tanker Corrosion. A con- 
tribution to the work of Technical Committee 
T-3H on Tanker Corrosion by C. P. Dillon. Per 
Copy $1.50. 


Remittances must accompany all orders for litera 
ture the aggregate cost of which is less than $5 
Orders value greater than $5 will be invoiced 
if requested. Send orders to National Association 
of Corrosion Engineers, 1061 M & M Bldg., 
Houston, Texas. Add 65ce per package to the prices 
given above for Book Post Registry to all addresses 
outside the United States, Canada and Mexico. 
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5.4.5, 5.9.1 

Evaluation of Degree of Rusting on 
Steel Panels as a Basis for the Forma- 
tion of Rust-Protective Paints. S. Alfort. 
Deutsche Farben-Z., 13, No. 5, 177-183 
(1959). 

An account is given of current Swe- 
dish work on steel pretreatment and 
the selection of suitable primers, where 
particular attention is paid to the stand- 
ardization of all the factors which might 
affect paint performance. It is sug- 
gested that previous studies in this field 
have overlooked the importance of re- 
producibility of surface structure and 
film thickness of the primer and that 
this may account for the widely diverse 
views on the value of zinc chrome. Six 
primers were selected for study, six 
steel pretreatments and four degrees of 
initial rusting (1.e., before painting). 
The present contribution is concerned 
specifically with a description of the 
nature of pretreatment and the effec- 
tiveness with which it is executed.— 


RPI. 19611 


54.2, 7.7, 6356 

High-Temperature Electrical Insulat- 
ing Inorganic Coatings on Wire. Period 
Covered: Feb., 1958-Jan., 1959. Clifton 
G. Bergeron, Arthur L. Friedberg, 
David L. Wilcox, Paul F. Schwarzlose 
and Robert L. Hallse. Illinois Univ. 
U. S. Wright Air Development Center, 
Technical Rept. 58-12 (Pt. II), Jan., 
1959, 54 pp. Available from Office of 
Technical Services, Washington, D. C. 

Further work on processing of coat- 
ings, coating continuity, multiple coat- 
ing, formulation of coatings, oxidation 
of copper coated articles, high tempexa- 
ture electrical properties of coatings, 
and flexibility of coated wire are de- 
scribed. The technique of flow coating 
continuously moving wire through a 
porcelain enamel proved to be a practi- 
cable and successful technique for coat- 
ing. Multiple coating secured insulation 
continuity. It was shown from studies 
on oxidation of coated copper specimens 
that copper oxide dissolved in the coat- 
ing is not deleterious but rather bene- 
ficial to the high temperature electrical 
properties. (auth)—NSA, 19651 


5.4.5 

Metallic Lead as a Pigment for Anti- 
Corrosive Paints. J. A. Calcutt. Corro- 
sion Prevention and Control, 6, No. 11, 
34-38 (1959) Nov. 

Covers advantages of metallic lead 
pigments in paints, results of exposure 
tests in industrial atmospheres (speci- 
mens shown), typical paint formula- 
tions, and applications (cooling towers, 
gas tanks, dockside cranes, marine 
tanker and dredging plant). Because of 
low oxide content of pigment (99.5 Pb- 
0.5 PbO), metallic Pb paints can be 
made in reactive as well as non-reactive 
media. Primers have greater efficiency 
on imperfectly prepared surfaces, and 
have improved flow properties —INCO. 


19663 

5.4.2, 6.3.6 
Contribution to the Technology of 
(Copper) Wire Enamelling. Heinz 
B6éttger. Draht, 10, No. 6, 261-264 (1959). 
The design of stoves and enamelling 
lines is described and the power con- 
sumption is estimated. In spite of the 
relative ‘brittleness of the enamel it 
adheres well to the copper surface, 
owing to the formation of bonds be- 
tween the polar molecule of the enamel 
and the pairs of free electrons of the 
copper atoms; but the wire must be 
thoroughly cleaned by passing the 


146a 
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heated wire through steam containing 
methanol vapour. The properties of 
various enamels are considered, particu- 
lar attention being paid to those which 
allow the copper wire to be tinned and 
soldered.—MA. 19662 


5.4.5, 5.8.2 

Use of Corrosion-Inhibiting Sub- 
stances in Polyvinyl Acetate Metal 
Primers. J. C. Baatz. Paper Presented 
at the Sept. 1958 Meeting of the Am. 
Chem. Soc., Division of Paint, Plastics 
and Printing Ink Chem., Chicago, IIli- 
nois. Paint and Varnish Production, 49, 
No. 7, 33-38 (1959). 

A discussion of work on corrosion 
prevention by a dry paint film. The 
work was performed with a series of 
four corrosion-inhibiting pigments all 
containing a chromate portion, and five 
corrosion-inhibiting additives. A definite 
improvement in protection was obtained 
by using an emulsion-based binder with 
a chromate pigment or with an inhibit- 
ing additive, or with both together. Of 
the additives and pigments investigated, 
the most significant improvement was 
obtained with sodium nitrite and zinc 
vellow respectively. A combination of 
these two, together with a surface ten- 
sion depressant to facilitate wetting of 
the metal surface, provided maximum 
corrosion prevention in the series of 
tests under discussion —ZDA. 19684 


54.5, 6.2.4, 6.2.3, 3.7.2, :2.2:2 

Extra Durability of Paint on Low- 
Alloy Steels. H. R. Copson and C. P. 
Larrabee. Am. Soc. Testing Materials 
Bull., No. 242, 68-74 (1959) Dec. 

Published information on comparative 
performance of paint coatings on low- 
alloy steels and mild steel is reviewed. 
Some current tests on painted steel 
specimens are described. Specimens of 
3 types of steels, a C steel, a Cu steel, 
(Cr-Si-Ni-Cu-Mn), were exposed in 
spring of 1948 in an industrial atmos- 
phere at Kearny, N. J., a= semirural 
atmosphere at South Bend,Pan., and a 
marine atmosphere at Kure Beach, N. 
C. (800 ft. from ocean). Exposure re- 
sults are tabulated. Two case histories 
(with photos) illustrate actual perform- 
ance of paint coatings on large struc- 
tures—railroad hopper cars, and a rail- 
road bridge. Beneficial effect of alloy- 
ing on atmospheric corrosion resistance 
of bare unpainted steel is briefly re- 
viewed. Both field tests and service 
experience show that paint coatings are 
more durable on high-strength low-alloy 
steels than on carbon steel or on copper 
steel. Any rust which forms at breaks 
or holidays or underneath paint film is 
voluminous on low-alloy steels. 
Owing to smaller volume of rust there 
is less rupturing of paint film and, 
hence, moisture reaches steel to 
promote further corrosion. Extra dura- 
bility of paint is due to improved cor- 
rosion behavior associated with alloy 
content of steels, with Cu, Ni, Cr, and 
P contents being particularly important. 
Graphs, tables, numerous photos . of 
specimens, 10 references.—INCO. 19697 


5.4.5 

Applications of Epoxy Resin-Based 
Coatings in Corrosive Environments. H. 
Brull. Corrosion Technology, 6, No. 10, 
303-306, 312 (1959) Oct. 

Brief and partial survey of properties 
and successful fields of application of 
epoxy resin-based protective surface 
coatings, with specific reference to Epi- 
kote resin. Storage-tank applications, 


less 


less 


Vol: 16 
process industries, pipeline 
nuclear energy uses, aircraft 
concrete coatings 
viewed.—INCO. 


Coatings, 
Coatings 
and others are re- 
19724 


5.8 Inhibitors and Passivators 
———————______ 
58:1, 1.6 

Inhibitors of Metal Corrosion, ([; 
Russian.) Iya Nikolayevna Putilova 
Stepah Afanas’yevich Balezin and Va. 
leriy Pavlovich Barannik. Book, 1958 
183 pp. Goskhimizdat, Moscow, USSR 

A manual for engineering and techni. 
cal personnel engaged in the chemical 
metallurgical and petroleum industries 
where the problem of metal corrosion 
arises is presented. The corrosion jn- 
hibitors for metals used in water, aque- 
ous acid solutions, alkaline and_ sali 
solutions are described. The corrosion 
inhibitors for metals used in ordinary 
atmospheric conditions and in nonaque- 
ous liquid media are also discussed, 
The theoretical concepts of the mecha- 
nism of corrosion inhibition are te- 


viewed.—NSA. 19385 


5.8.4, 5.9.2 

List of Rust Inhibitors. (In Japanese.) 
Ichiro Shinozaki. Metals (Supplement), 
28, 7-14 (1958) October. 

Surface cleaners and soluble rust pre- 
ventive additives; petroleum derivatives; 
alkaline cleaning solutions; emulsions; 
electrolytic cleaning solutions; rust re- 
movers, soluble rust inhibitors. Pre- 
servatives; petrolatum oil; vaporizing 
inhibitors; sealers; anti-rust wrapping 


—MR. 1945( 


5.8.4, 4.4.7, 3.5.9 

Development of High Temperature 
Oxidation-Corrosion Inhibitors to Im- 
prove Stability of High Temperature 
Hydraulic Fluids and Lubricants. Quar- 
terly Progress Rept. No. 4 (for) March, 
April, May and June 1958. Robert Brv- 
nier. Illinois Inst. Tech. August 29 
1958, 23 pp. ARF Project C-103. Avail- 
able from Illinois Inst. of Tech., Ar- 
mour Research Foundation, Chicago, 
[llinois. 

The objective of this research pro- 
gram is to synthesize and evaluate 
selected organic compounds as_ high 
temperature oxidation-corrosion inhibi- 
tors in mineral oils, synthetic ester lu 
bricants and. silicone and _ silane fluids 
As a result of this study specific inhibi- 
tors will be recommended for use. Some 
compounds were prepared which, ac: 
cording to previous test results, should 
have potential activity as inhibitors. The 
following compounds were _ prepared: 
N - (2-pyridyl) -1-naphthylamine, N,N’- 
Di-(2- pyridyl) - 1,5 - diaminonaphthalene, 
10,10’ - spirobiphenoxasilin, thiobutyl- 
stearamide, N-benzylthiobenzamide, N, 
N’diphenyl-2,5 - pyrazine dicarboxylic 
acid dithionamide, and dimorpholinoy! 
2,5-pyrazine dicarboxylic acid dithiona- 
mide. The testing program was devoted 
to the screening of new compounds. A 
large number of them containing the 
thionamide function which had_ prev 
ously been active. The compounds were 
tested for 24 hrs. at 550 F in the pres 
ence of 5 percent oxygen-95 percent 
nitrogen. The most efficient ones wert 
also tested under more stringent condi- 
tions, 48 hrs. at 500 F in the presence 
of dry air. (auth)—NSA. 19761 


5.8.3, 5.8.4, 4.3.2, 6.2.2 nes 
The Ohmic Resistance of Inhibitor 

Films with the Acid Corrosion of Iron. 

(In German.) W. Machu and H, I. 
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October, 1960 


Morcos. Cairo Univ. Werkstoffe u. Kor- 
rosion, 11, No. 2 (Supplement), 81-87 
(1960) Feb. , aw 
The ohmic resistances of organic 1n- 
,ibitors in hydrochloric acid and_ sul- 
furic acid have been determined by 
means of direct resistance measure- 
ments. Depending on the concentration 
and on the type of inhibitor, the resist- 
ances were found to vary between 1 
and 1200 ohm. The iron surface itself 
also has an influence. With poor inhibi- 
tors, their adsorption and desorption are 
sower. This process also depends on 
the concentration and type of inhibitor 
as well as on the surface condition of 
the iron. Where the inhibiting effect is 
good, the inhibitors are adsorbed by 
virtually the whole metal surface, that 
is to say, at local cathodes and anodes. 
\ high film resistance corresponds to a 
high inhibiting effect, and vice versa. 
Apart from the adsorption rate, the 
quality of the inhibitor also depends 
on its solubility. 19303 
5.8.4, 8.4.2 

Use of Corrosion Inhibitors in the 
Gas Industry. Case of Pipeline Produc- 
tion. (In French.) C. Geoffray and A. 
Giampaoli. Paper before Gas Congr. 
\ix-les-Bains June 23-27, 1959, Rev. 
inst. franc. pétrole et Ann. combustibles 
liquides, 15, No. 1, 186-216 (1960) Jan. 
Film-forming and volatile inhibitors 
were evaluated for use in the internal 
protection of gas pipelines. A 10  per- 
cent spindle oil solution of a commer- 


TECHNICAL 
REPORTS 


Corrosion in Oil and 


Gas Well Equipment 


T-1A Survey of Corrosion Control in Califor- 
nia Pumping Wells. A Report of T-1A 
on Corrosion in Oil and Gas Well Equipment, Los 


Angeles Area. Pub. 54-7, Per Copy $1.50. 


TP-1 Report on Field Testing of 32 Alloys in 

the Flow Streams of Seven Condensate 
Wells (Pub. 50-3) NACE members, $8; Non- 
members, $10 per Copy. 


T-1B-1 Well Completion and Corrosion Con- 
trol of Hioh Pressure Gas Wells—A 
Status Report of NACE Task Group T-1B-1 on 
High Pressure Well Completion and Corrosion 
Mitigation Procedure. Pub. 59-6. Per Copy $1.50. 
T-1C Current Status of Corrosion Mitigation 
Knowledge on Sweet Oil Wells. A Re- 
port of Technical Unit Committee T-1C on Sweet 
Oil Well Corrosion. Per Copy, $1.50. 


T-1C Field Practices for Controiling Water 

Dependent Sweet Oil Well Corrosion. 
A Report of Technical Unit Committee T-1C on 
Sweet Oil Well Corrosion, Compiled by Task 
Group T-1C-1 on Field Practices. Pub. No. 56-3. 
Per Copy $1.50. 


T-1C Status of Downhole Corrosion in the 
East Texas Field—A Report of NACE 
Tech. Unit Committee T-1C on Sweet Oil Well 


Corrosion. Pub 57-23. Per Copy $1.50. 


T-1C Water Dependent Sweet Oil Well Cor- 
rosion Laboratory Studies—Reports of 
NACE Tech Unit Committee T-1C on Sweet Oil 


Well Corrosion. Pub. 57-24, Per Copy $2.50. 


T-1C Theoretical Aspects of Corrosion in 
Low Water Producing Sweet Oil Wells 
—A Status Report of NACE Tech. Unit Commit- 
tee T-1C Prepared by Task Group T-1C-4. Pub. 


58-4, Per Copy $1.50. 
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cial amine-type inhibitor (IN) appeared 
best for lines not yet in service. Lanolin 
or boiled linseed oil was also effective, 
but a lanolin solution and a_ second 
amine-type inhibitor (K), widely used 
in the petroleum industry, were not. 
Immersion of steel coupons in water 
saturated with purified coal gas under 
pressure and containing various polar 
amine inhibitors showed that this type 
of inhibitor is completely satisfactory 
for town gas lines. In similar tests with 
oxygen-free Lacq gas containing traces 
of hydrogen sulfide, corrosion and em- 
brittlement were controlled by diethyla- 
mine and by 10 percent spindle oil solu- 
tions of inhibitor IN or inhibitor K. 
19743 


5.9 Surface Treatment 


5.9.4, 6.4.2 

Investigation of the Mechanical Prop- 
erties of Hard-Oxidized Aluminum 
Sheets. (In German.) P. Csokan and G. 
Sinay. Werkstoffe u. Korrosion, 11, No. 
4 (Suppl.), 224-227 (1960) April. 

At the Metal Research Institute, 
Budapest, a new anodic method has 
been developed by means of which it is 
possible to obtain, within an hour, a 
150-250 yw thick wear-resistant oxide 
layer which can easily be ground and 
polished and has a heat resistance up 
to 350-400 C. Light-metal components 
thus treated can find an extensive field 


T-1C Experience With Sweet Oil Well Tub- 
ing Coated Internally With Plastic— 
A Status Report of Unit Committee T-1C on 
Sweet Oil Well Corrosion. Pub. 58-8, Per Copy 


$1.50. 


Sour Oil Well Corrosion. Corrosion, 
August, 1952, issue. $1.50 Per Copy. 


TP-1D 


TP-1G Ficld Experience With Cracking of 
High Strength Steel in Sour Gas and 
Oil Wells. (Included in Symposium on Sulfide 
Stress Corrosion.) (Pub. 52-3) NACE Members 
$3.50; Others $5.00 Per Copy. 

T-1G Sulfide Corrosion Cracking of Oil Pro- 
duction Equipment. A Report of Tech- 
nical Unit Committee T-1G on Sulfide Stress 
Corrosion Cracking. Pub. 54-5. $1.75 Per Copy. 
T-1G Hydrogen Absorption, Embrittlement 
and Fracture of Steel. A Report on 
Sponsored Research on Hydrogen Sulfide Stress 
Ccrrosion Cracking carried on at Yale University, 
Supervised by NACE Technical Unit Committee 
T-1G on Sulfide Stress Corrosion Cracking by W. 
D. Robertson and Arnold E. Schuetz. Pub. 57-17. 
Per Copy $5.50. 


T-1J Status Report of NACE Technical Unit 
Committee T-1J on Oil Field Structural 
Plastics. Per Copy $1.50. 
T-1J Reports to Technical Unit Committee 
T-1J3 on Oilfield Structural Plastics. 
Part 1—Long-Term Creep of Pipe Extruded from 
Tenite Butyrate Plastics. Part 2, Structural Be- 
havior of Unplasticized Geon Polyvinyl Chloride. 
Publication 55-7. Per Copy $2.75. 
T-1J Summary of Data on Use of Structural 
Plastic Products in Oil Production. A 
Status Report of NACE Technical Unit Commit- 
“— on Oilfield Structural Plastics. Per Copy 


T-1J Service Reports Given on Oil Field 
Plastic Pipe. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $1.75. 
T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $1.75. 


T-1J Reports to Technical Unit Committee 
T-1J on Oil Field Structural Plastics. 
Part 1—The Long-Term Strengths of Reinforced 
Plastics Determined by Creep Strengths. Part 2— 
Microscopic Examination as a Test Method for 


Reinforced Plastic Pipe. Per Copy $1.50. 


T-1M 


73 


of applications in telecommunications, 
electrotechnics, precision mechanics as 
well as in the textile, printing and ve- 
hicle industries. 

The thickness of the oxide layer de- 
pends on the period of oxidation. The 
hardness measured with Hanemann’s 
micro-hardness tester under a load of 
100 g. amounts to 320-510 kg/mm? with 
pure Al, and to 360-520 HV kg/mm? 
with purest Al. 

Comparative tests have been ‘carried 
out with 0.8, 1.0 and 1.2 mm thick 
anodically treated and un-treated hard 
and soft pure Al sheets, in respect to 
tensile strength, yield limit, uniformity 
of elongation and bending strength. 
The results show that, depending on 
sheet thickness, duration of treatment 
and sheet hardness, the tensile strength, 
yield limit and uniformity of elonga- 
tion are reduced, while the bending 
strength is increased. 19717 


5.9.4 

Anodized Aluminium Extrusions. Fred 
G. Shuler. Precision Metal Moulding, 
16, No. 11, 43, 48 (1958). 

The anodizing process is briefly indi- 
cated, carried out after the extrusion of 
hot-alkali cleaned metal, and recom- 
mendations for choice of alloy are made. 
Proprietary finishes are noted—MA. 

19462 
5.9.4, 6.4.2 

A Study of Stripping Anodized Coat- 

ings from an Aluminium Alloy. Walter 


T-1J Status Report of NACE Technical Unit 
Committee T-1J on Oil Field Structural 
Piastics. Part 1—Laboratory Testing of Glass- 
Plastic Laminates. Part 2—Service Experience of 
Glass Reinforced Plastic Tanks. Part 3—High 
Pressure Field Tests of Glass-Reinforced Plastic 
Pipe. Per Copy $1.50. 

T-15 Service Experience of Glass Reinforced 
Plastic Tanks—Status Report of NACE 
Technical Unit Committee T-1J on Oil Field 


Structural Plastics. Pub. 57-18. Per Copy $1.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe in 1955—A Report of 
NACE Technical Unit Committee T-1J on Oil 
Field Structural Plastics. Pub. 57-19. Per Copy 


$1.50. 
T-1K Proposed Standardized Laboratory Pro- 
cedure for Screening Corrosion Inhibi- 
tors for Oil and Gas Wells. A Report of T-1K on 
Inhibitors for Oil and Gas Wells. Publication 
55-2. Per Copy $1.50. 
T-1K-1 A Proposed Standardized Static Lab- 
oratory Screening Test for Materials to 
be Used as Inhibitors in Sour Oil and Gas Wells. 
A Report of NACE Technical Unit Committee 
T-1K on Inhibitors for Oil and Gas Wells, Pre- 
pared by Task Group T-1K-1 on Sour Crude In- 
hibitor Evaluation. Publication 60-2. Per Copy 
$1.50. 
T-1M Suggested Coating Specifications for 
Hot Application of Coal Tar Enamel for 
Marine Environment. A Report of NACE Tech- 
nical Unit Committee T-1M on Corrosion of Oil 
& Gas Well Producing Equipment in Offshore In- 
stallations. Publication No. 57-8. Per Copy $1.50. 


Suggested Painting Specifications for 
Marine Coatings. A Report of NACE 
Technical Unit Committee T-1M on Corrosion of 
Oil & Gas Well Producing Equipment in Offshore 
— Publication No. 57-7. Per Copy 


Remittances mi accompany all orders for litera- 
ture the : te cost of which is less than $5 
Orders of t greater than $5 will be invoiced 
if requested. Send orders to National Association 
of Corrosion Engineers, 1061 M & M 
Houston, Texas Se per package to the prices 
given above for Book t Registry to all addresses 
yutside the United States, Canada and Mexico 
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Beck, John Danovich and Sara J. 
Ketcham. J. Electrochem. Soc., 106, No. 
12, 1063-1065 (1959). 

A comparison of film removal from 
an aluminum alloy with an HF-HNOs 
system and a CrO;-H;PO, system is 
presented. It is shown that the use of 
HF-HNOs need not lead to metal losses 
by over-etching, and that this system 
should only be used when the concen- 
tration and exposure time are carefully 
controlled —M A. 19732 


5.9.4, 4.6.11, 4.3.3 

The Protective Mechanism of Chro- 
mate Finishes on Zinc and Cadmium. 
(In German.) J. Elze. Metall, 13, No. 
8, 740-742 (1959) Aug. 

The protective mechanism of chro- 
mate films is shown to depend on the 
prevention of any anodic or cathodic 
reaction. Results for sea water (pH 7.5) 
and chloride-free weak alkaline corro- 
sion media are given. 4 tables, 5 figures. 


—ZDA. 19774 
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CONSTRUCTION 





6.2 Ferrous Metals and Alloys 





6.2.5, 4.3.3, 2.3.9 
Study on Corrosion of Austenitic 
Stainless Steel by Uranyl Salt Solution. 


(In Japanese.) Gunji Shinoda, Tadao 
Sano and Tadashi Kawasaki. J. Japan 
Inst. Metals (Nippon Kinzoku Gakka- 


ishi), 22, No. 11, 592-596 (1958) Nov. 
Applying surface radioactivity meas- 
urement, an autoradiographic method, 
and a weight-loss method, the corrosion 
resistance of some austenitic Cr-Ni 
steels against uranyl salt solution has 
been investigated. It was concluded that 
the count number and the autoradio- 
graphic method are useful to study the 
initial stage of corrosion mechanism. 
An X-ray diffractometer study was also 
made on welded specimens to examine 
the carbide precipitation and the ferrite 
formation, and the Nb carbide precipi- 
tated in the matrix was easily detected 
by an X-ray diffractometer study. The 
relative abundance of Nb carbide is less 
in the welded portion than in the other 
portion of base metal, and in the welded 
specimens there is no ferrite phase. 
Niobium-stabilized steels always show 
good corrosion resistance against uranyl 
salt solution. Some of the specimens 
were neutron-irradiated (10°cm’/sec, 8 
Mev) at about room temperature, and 
the irradiated specimens showed no 
change in the structure and the corro- 
sion characteristics. (auth)—NSA. 19453 


62:5, 322, 3:7.3 

Corrosion Resistance of Stainless 
Steels. Intergranular Corrosion. (Con- 
tinued.) (In Italian.) L’Acciaio Inossi- 
dabile, 25, 61-72 (1958) May-June. 

Heat treatment, fabrication and serv- 
ice conditions under which carbide pre- 
cipitation occurs in austenitic stainless; 
methods of combatting susceptibility to 
intergranular corrosion—RML., 19608 


6.2.5 

A New Steel for Honeycomb Struc- 
tures. A. C. Gilbraith. Western Ma- 
chinery & Steel Work, 49, No. 11, 82- 
84 (1958) Nov. 

Armco’s PH 15-7 Mo has been de- 
veloped to meet demands for a_ heat- 
treatable chromium-nickel steel. Pro- 
duced especially for honeycomb fabrica- 
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tion it now permits parts made from 


the material to be hardened by heat 
treatment. In addition to this prime 
advantage, Armco PH 15-7 molybde- 


num has a high modulus of elasticity, 
excellent fatigue and high tensile prop- 
erties. Its corrosion resistance in Con- 
ditions TH 1050 and RH 950 is superior 
to stainless steels of the 400 series. In 
Condition CH 900 its corrosion resist- 
ance is comparable to Type 302. Photos. 


—INCO. 19742 


6.2.5, 8.2.2 

The Use of Austenitic Steels in the 
New Power Station at Hiils. A. Engl. 
Mitt. Ver. Grosskesselbesitzer, No. 55, 
255-264 (1958) Aug. 

Tables list austenitic steels (grade 
according to DIN) employed in section 
of boiler operating at 300 atm. gauge 
pressure, in 140 atm. gauge pressure 
section of intermediate superheater I, 
in 300 atm. gauge pressure topping tur- 
bine and in 110 atm. gauge pressure 
condensing turbine. Quantities of aus- 
tenitic material (wt. in metric tons) 
installed in different sections of plant 
are given, and chemical compositions of 
steels are tabulated. All of steels in- 
stalled at Hiils contain 16 chromium, 
and a minimum of 13 nickel. They be- 
long to group of austenitic steels where 
compared to 18-8 group, chromium con- 
tent has been slightly reduced and 
nickel content raised in order to reduce 
their susceptibility to sigma formation 
in continuous service at high working 
temperatures. Factors governing selec- 
tion of a steel for a particular applica- 
tion, high temperature strength, fabri- 
cation procedures, acceptance tests, 
welding practice, and occurrence of 
stress corrosion cracking are discussed. 
Graphs, photos, photomicrographs.— 
INCO. 19769 


6:2.2;''6:2;3;.:3:5:9; 3.7.2 

Oxidation of Steel and Cast Iron at 
High Temperatures. (In Russian.) FE. 
M. Blank. Metalloved. i Termicheskaya 
Obrabotka Metallov, 1959, 53-54, Dec. 


Effect of silicon and chromium con- 
tent on oxidation resistance of steel at 
900 C. Effect of silicon on oxidation 
resistance of gray cast iron with lami- 
nar graphite, and of S. G.-iron—RML. 

19671 


6.2.5, 3.7.2 


The Corrosion Resistance of Some 
Stainless Steels Alloyed with Cobalt. 
DD. Coutsouradis. Cobalt, No. 5, 3-14 
(1959) Dec. 

Effect of Co on chemical properties 
is being studied in a series of Cr steels 
to which increasing amounts of Co were 
added. First results obtained on 
sion resistance of 17 
submitted to various heat treatments 
are presented in this paper. Total im- 
mersion tests (continuous and_ inter- 
rupted immersion) were performed to 
evaluate corrosion resistance of these 
steels in sulfuric acid at room tempera- 
ture, and their susceptibility to inter- 
granular corrosion was determined by 
employing Huey (boiling nitric acid) 
and Strauss tests. In some cases polari- 
zation curves were also. determined, 
both by potentiostatic and intensiostatic 
methods. Co considered as an alloying 
element in Cr stainless steels exhibits a 
favorable influence on their resistance 
to overall corrosion and to intergranu- 


corro- 
and 27 Cr steel 


lar corrosion after appropriate heat 
treatments. Experimental results are 
presented in numerous tables and 


Vol: 16 


graphs. Compositions of steels invest 
gated (Co-containing and Co-free: 


og 2 > Some 
also containing Ni) are tabulated Ig 
references.—INCO. 1960] 

969] 


6.2.5, 2.3.5, 3.6.8, 3.7.2 


Corrosion and Metallographic §tyq 
of Stainless Steels Using Potentiosta 
Techniques. V. Cihal and M. Prazat 
J. Iron and Steel Inst., 193, Pt, 4. 369; 
367 (1959) Dee. 

Availability of potentiostat techniques 
especially for electrochemical study oj 
stainless steels is indicated. Characteris. 
tics of potentiostat and _ significance of 
potential polarization curves depending 
on chemical composition of alloy and 
etching characteristics of phases are de- 
scribed. Effect of Cr content on corto. 
sion current in regions of activity and 
transpassivity was studied in Fe-(; 
alloys. Polarization curves for Fe alloys 
containing 20, 36 and 42 Ni show that 
addition of Ni decreases maximum cor- 
rosion current in active region. Infly. 
ence of some alloying elements (e.g. Mo, 
Cu, BA Si, Nb) on corrosion properties 
of 18-8 steels was investigated. Metallo- 
graphic applications of 
techniques include differential electro- 
lytic etching at controlled potential, 
etching of stainless steels (18-8), etc 
ing in active and passive regions, etch- 
ing in regions of transpassivity and 
secondary passivity, and transformation 
of delta ferrite in 18-9 Ti steel. Poten- 
tials for selective etching of phases 
(delta ferrite, sigma, austenite) in 18-8 
steels are tabulated. Graphs, photo- and 
electron-micrographs, 39 


INCO. 


p< tentiostat 


references.— 
19713 


6.2.5, 3.7.4 

Abnormal Grain Growth in Austenitic 
Alloys. B. Cina. J. Iron & Steel Inst, 
194, Pt. 1, 18-28 (1960) Jan. 

Formation of abnormally large grains 
was studied in 3 fully austenitic alloys 
on solution of softening treatment at 
elevated temperatures, Alloys wert 
NMC (4.00 Cr-8.35 Ni), FV 337 (17.52 
Cr-17.68 Ni-6.83 Co), and FV 467 (138 


Cr-9.55 Ni). It was found that such 
abnormal grain growth is related t 
prior hot-working history of material 


and can be induced by critical deforma- 
tion at controlled temperatures. Mecha- 
nism for abnormal grain growth is one 
of secondary recrystallization for which 
experimental evidence is adduced. Proc- 
ess is complicated by presence of hne 
undissolved carbide particles at grain- 
growth temperature. These particles i- 
hibit grain growth. Simple methods 
were found to minimize grain growth 
In both FV alloys this consists ot sub- 
jecting fine-grained recrystallized ma- 
terial to a small uniform amount ot 
deformation at a particular temperature 
just before final solution or sottenimg 
treatment. For NMC alloy, a deforma- 
tion iln excess of critical had to be 
applied. Tables, graphs, photomucro- 
graphs, 19 references.—INCO. 19719 
6:2:5, 3.2.2, 3:74; 236 

The Problem of the Distribution of 
Precipitates in Corrosion-Resistant Aus- 
tenitic Steels. V. Cihal and J. Jezek. 
Hutnicke Listy, 14, No.8, 695-700 (1959). 

Study was made by means of electron 
microscopy. Preparation of a simplified 
extraction replica is described. | For 
study of distribution of carbides im 18 
Cr-9 Ni steels, a steel with 0.05 C-1.9 
Mn-0.62 Si-18.48 Cr-9.34 Ni was chosen. 
Relationship between carbide precipita- 


tion and sensitivity of steel to inter 
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uular corrosion and effect on notch 
impact strength was investigated. Ere 
carbides of Cr and Ti 
003 N was studied by method _of 
preparing extraction prints. Crystalline 
mation of chromium carbide Cras( é 
described. Table giving results of in- 
ranular corrosion experiments, elec- 


cipitation of 


erg? 
an-micrographs, 21 
NCO. 

625, 2.3.5, 3.2.2 . | 
Intercrystalline Corrosion of Austeni- 
ic Stainless Steels. (In French.) L. 





references.— 
19719 





(lerbois, F. Clerbois and J. Massart. 
Flectrochimica Acta, 1, No. 1, 70-82 
1959) April. 

Potentiostat studies in an acid me- 


ium revealed a generalized corrosion, 
wintererystalline corrosion and an oxi- 
jing action. This method is more 
curate than the empirical Strauss 


nd Huey tests which involve errors, 
was shown by an_ electrochemical 
nvestigation. 1 plate —BTR. 19760 





6,3 Non-Ferrous Metals 
and Alloys——Heavy 





63.6, 3.2.2, 3.5.8 

Corrosion Cracking of Brass in Am- 
monia. (In Russian.) A. N. Kondrat’ev. 
Metalloved. i Obrabotka  Metallov 
Metal Science and Treatment), 1958, 
Vo. 12, 45-52. English Translation of 
lournal available from: Henry Brutcher, 
lechnical Translations, P. O, Box 157, 
\ltadena, Calif. 

The potential (¢@) of cast and an 
aed brass (zine 30 percent) in 15 
ercent NH, )H solution vs. the N- 
domel electrode shifted in the more 
sitive direction with increasing time, 
ving to the formation of a film of cor 
sion products. Values of ¢ for un- 
tressed specimens were more negative 
tan those for stressed specimens, and 
tress acted only as a mechanical factor. 
ian atmosphere of ammonia, reducing 
emoisture and oxygen contents of the 
sto 14 and 90 mg/I1, respectively, had 
ttle effect on the time to failure by 
However, further re- 
uctions led to a marked improvement 
d tensile tests showed that intercrys- 
line attack had not occurred. In 
trosion tests in ammonium hydroxide 
vlution containing various amounts of 
pper the copper content of the solu- 
m increased only up to 0.87-0.90 per- 
et, but the zinc content continued to 
ncrease. An electrochemical mechanism 
ading to i 


vested; it 


sress-corr¢ SiC mn. 


corrosion cracking Is 
includes two. stages, and 
tress acts only as a localizer of corro- 


sion.—M A, 19269 


63.6, 3.5.8 
Stress Corrosion Failure Checked in 
New Aluminum Bronze Alloy. Materi- 


sug- 


ls in Design Eng., 48, No. 2, 123-124 
1958) Aug, 
\ new aluminum bronze alloy is 


ailable which is said not only to com- 
etely overcome stress corrosion fail- 
re, but to maintain a high degree of 
‘trength and resistance up 
00 F. New copper alloy, Ampco 
wade 8, contains 6.5 aluminum, 2.3 
‘on, 0.25 tin and 0.25 percent of silver, 
ickel and manganese. It is addition of 
“) tn to analysis that prevents stress 
'rosion cracking. As a result, it is no 
nger necessary to stress relieve fin- 
‘ied fabrications. Also, alterations, re- 


corrosi 11 


'airs or field changes can now be made 


Graphs, tables. 
19299 


‘ithout stress relieving. 


~INCO. 
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6.3.3, 6.3.18, 3.7.2 

Vanadium-Chromium Alloy System. 
O. N. Carlson and A. L. Eustice. Ames 
Lab. U. S. Atomic Energy Commission 
Pubn., IS-47, November, 1959, 18 pp. 
Available from Office of Technical 
Services, Washington, D. C. 

On the basis of data obtained from 
melting point determinations, micro- 
scopic examination, and X-ray investi- 
gations, a phase diagram is proposed 
for the V-Cr alloy system. The system 
forms a complete series of solid solu- 
tions with a minimum occurring in the 
solidus at 1750 C and approximately 
70 wt. percent chromium. No interme- 
diate phases were found in this system. 
Hardness and data are pre- 
sented as a function of alloying compo- 
sition, (auth)—NSA. 19720 


corre Sle yn 


6.3.6, 3.7.2 

Influence of Small Quantities of 
Nickel on the Oxidation of Copper. (In 
French.) F. Bouillon and J. Stevens 
\cta Metallurgica, 7, 774-776 (1959) Dec. 

Oxidation was carried out in pure 
oxygen at atmospheric pressure at tem- 
peratures equal te or below 200 C. 


Under these conditions, there always 
exists a large region where only Cu:O 
is formed. This study shows that: 1) 


the alloys of Cu-Ni containing 5 and 
10 percent nickel oxidize less rapidly 
than pure copper during the period 
studied; 2) alloys containing 0.5 and 1 
percent nickel oxidize more rapidly dur- 
ing an initial period, the length of which 
varies inversely with the nickel content; 
3) the alloys containing 0.1 percent oxi 
dize the most rapidly during the period 
investigated; 4) the oxide CuO always 
appears sooner on these alloys—BTR. 
19652 
63:5; 3.13, 323 
Unstable Suhoxides and Hydrides of 
Niobium and Tantalum. (In German.) 
G. Brauer and H. Muller. Plansee Proc 
1958, 1959, 257-262; 262-263. 
The oxidation of finely divided nio- 
bium and tantalum powders in air at 
300 C yielded new suboxides in addition 
to the pentoxides. The suboxide of nio- 
bium is thought to be Nb:O, and can 
be synthesized from niobium and Nb2QOs. 
Tantalum has two suboxides, viz. Ta:O 
and another of undetermined composi- 
tion. The suboxides decompose above 
350 C in the absence of further oxida- 
tion to the pentoxide and metal. Nio- 
bium powder and HF form NbHsz, with 
a fluorite structure —MA. 19648 


disc., 


6.3.6, 3.5.9 

Aluminium Bronze. G._ FitzGerald- 
Lee. Automobile Ener., 49, No. 10, 376- 
380 (1959) Oct. 

Retention of high proportion of 
strength at elevated temperatures and 
resistance to oxidation and = corrosion 
make Al bronzes best Cu-based alloys 
for many applications in steam plant, 
internal combustion engines and chemi- 
cal engineering applications involving 
moderately elevated temperatures (up 
to at least 400 C). Characteristic equi- 
librium diagram for Cu-Al alloys is 
shown. Progressive change in mechani- 
cal properties of 10 percent Al bronzes, 
with and without Fe, due to decompo- 
into (a + y2), during 4- 
week period, is tabulated. Other tabu- 
lated data include results of tensile tests 
at room temperature and at 400 C; 
mechanical properties at various tem- 
peratures including subnormal tempera- 
tures; creep test results; results of 
notched-bar impact tests at elevated 


sition of B 





temperatures; and resistance to oxida- 
tion and scaling at 400 C in air, with 
and without additions of moisture, SO: 
and HCl gas. Test specimens were Al 
bronzes of various compositions some 
containing nickel. Information courtesy 
of Copper Development Association. 
Tabulated data were compiled by vari- 
ous investigators.—I NCO. 19773 


6.3.6, 3.2.3 

Study of Dry Oxidation on Copper- 
Nickel Alloys. (In French.) F. Bouillon 
and J. Stevens. Industrie Chimique 
Belge, 24, 1335-1341 (1959) Nov. 

Data on thin films of oxide formed 
on Cu alloys containing 0.5 to 10 per- 
cent Ni at high oxygen pressures and 
temperatures from 150-200 C; morphol- 
ogy and composition of films formed at 
high temperatures (500-900 C) and low 
pressures. Speed of reaction and nature 
of oxide products is influenced by Ni 


content of specimens. 19 references.— 
RML. 19692 
6.3.5, 3.7.2, 4.7, 4.6.2 

Metallurgical Studies of Niobium- 
Uranium Alloys. John A. DeMastry, 
Frederic R. Shober and Ronald F. 
Dickerson. Battelle Memorial Inst. U. 
S. Atomic Energy Commission Pubn., 


December 7, 1959, 44 pp. 
from Office of Technical 
Services, Washington, D. C. 

In a continuing program, fabrication 
characteristics, physical and mechanical 
behavior in 


BM I-1400, 
Available 


and corrosion 
air, CO., Nak, water, and steam were 
studied for binary niobium fuel alloys 
containing 10, 20, 30, 40, 50 and 60 wt. 
percent uranium. To evaluate the ef- 
fects of two major impurities of mnio- 
bium, oxygen and zirconium, three nio- 
bium base stocks, differing according to 
the level of these impurities, were used 
for each alloy. The impurity combina- 
tions emploved were 600 ppm oxygen 
and 0.74 wt. percent zirconium, 700 ppm 
oxygen, and 0.17 wt. percent zirconium, 
and 300 ppm oxygen and 0.02 wt. per- 
cent zirconium. Representative speci- 
mens of these alloys retained their hard- 


properties, 


ness up to 900 C. The 10 and 20 wt. 
percent uranium alloys were success- 
fully forged at 2500 F and rolled at 


1800 F to sheet. Fabrication character- 
istics of the remaining alloys are under 
investigation. The 0.2. percent offset 
yield strength of the 10 wt. percent 
uranium alloy was 57,200 psi at room 
temperature and 36,900 psi at 1600 F. 
For the 20 wt. percent uranium alloy 
it was 93,200 psi at room temperature 
and 71,000 psi at 1600 F. The corrosion 
life of all of the allovs in air at 572 F 
and in CO, at 600 F was superior to 
that of unalloyved niobium. In 1000-hr. 
exposures to 600 F water most of the 


alloys exhibited corrosion rates only 
two or three times greater than that of 
Zircaloy-2. All of the alloys appear 
compatible with NaK at 1600 F. The 


impurity combinations employed in the 
base niobium appeared to have no effect 


on the corrosion behavior and mechani- 
cal properties of the alloys. (auth)— 
NSA. 19712 


6.3.5, 3.8.4 

Reactions in the Niobium-Hydrogen 
System. William M. Albrecht, W. 
Douglas Goode, Jr. and Manley W. 
Mallett. Battelle Memorial Inst. U. S. 
Atomic Energy Commission Pubn., 
BMI-1332, April 1, 1959, 21 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. See also: J. Electro- 
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chem. Soc., 106, No. 11, 981-986 (1959). 

Equilibria in the niobium-hydrogen 
system were determined in the range 
100 to 900 C, 0.1 to 1000 mm of mercury 
hydrogen pressure, and hydrogen/nio- 
bium atomic ratios of 0.01 to 0.85, X-ray 
measurements were obtained at 25 to 
400 C at hydrogen/niobium ratios up 
to 0.54. The studies showed that a solid 
solution of hydrogen in niobium is pro- 
duced throughout most of the system. 
A miscibility gap was found at low 
temperatures and _ pressures, with a 
critical point at about a temperature of 
140 C, a hydrogen pressure of 0.01 mm 
of mercury, and a hydrogen/niobium 
ratio of 0.3. Sorption rates at 300 to 550 
C were initially linear. At higher tem- 
peratures, sorption rates were controlled 
by diffusion in the metal matrix. Dif- 
fusion coefficients at 600 to 700 C can 
be expressed by D = 0.0215 exp 
[(—9370 + 600)/RT]. Desorption rates 
were lower than those predicted by 
diffusion. (auth)—NSA. 19617 


6.3.15 

Corrosion Resistance of Titanium. A. 
H. Barber. Corrosion Prevention and 
Control (Corrosion Engineer), 6, ii-xiv 
(1959) Nov. 

Current information on corrosion re- 
sistance of titanium is summarized in 
tables (resistance to single 
chemicals and simple mixtures, in plant 
environments, to liquid metals). Certain 
aspects are discussed in detail, including 
general properties, resistance to sea 
water and brine, stress corrosion, gal- 
vanic corrosion, oxidizing agents and 
acid media, continuous anodic passiva- 
tion of titanium, miscellaneous applica- 
tions, and economic considerations. Re- 
view is given of platinized titanium 
electrodes, their characteristics and uses. 


—INCO. 19654 


series of 


6.3:15,; 5.22, 532 

Titanium-Platinum Anodes. (In Ital- 
ian.) G. Bombara and D. Gherardi. 
Metallurgia Italiana, 51, 462-465 (1959) 
Jet, 

Anodic behavior in sea water of tita- 
nium in a titanium-platinum couple and 
of titanium with a welded or galvanized 
coating of platinum. Introduction of 
platinum in any form greatly increases 
efficiency of titanium anodes in corro- 
sion prevention —RML. 19726 


6.3.4, 3.5.9 

History, Status, and Future of Cobalt 
Alloys. Gleen A. Fritzlen. (Amer. Inst. 
Min. Met. Eng. Cont. on) High-Tem- 
perature Materials, 1957, 1959, 56-80. 

The development of cobalt alloys to 
meet the demands for materials with 
greater hardness, resistance to impact, 
wear, and corrosion, high-temperature 
strength, and longer life is traced from 
1899, Structures are described, and the 
role played by the different constituents 
in promoting the unique properties of 
cobalt alloys is discussed. It is pre- 
dicted that cobalt alloys will be de- 
veloped for operation up to 2000 F 
(1095 C).—MA. 19740 


63:10, 3.7.2,.78 

Properties of Vacuum-Melted Nickel- 
Aluminium and Nickel-Titanium Alloy 
Wires. (In Japanese.) Toshio Doi. J. 
Japan Inst. Metals (Nippon Kinzoku 
Gakkai-Si), 23, No. 3, 181-184 (1959). 

Changes in UTS, elongation, and 
grain-size produced by annealing, ele- 
vated-temperature UTS, and resistance 
to corrosion and oxidation were meas- 


150a 


ured on wires prepared by forging and 
drawing from vacuum-melted ingots of 
Ni alloys containing aluminum up to 6 
or Ti 7.5 per cent. The UTS of Ni-Al 
6 per cent and Ni-Ti 7.5 per cent alloys 
was higher than that of special steels at 
moderate temperature, and higher than 
that of W or Mo at elevated tempera- 
tures. Ti was more effective than Al in 
increasing the strength of Ni because 
of the greater difference in atomic radii. 
Oxidation- and corrosion-resistance in- 
creased with Al content, but Ni-Al 4.5 
per cent alloy showed particularly: low 
values. Corrosion-resistance decreased 
slightly and oxidation-resistance  in- 
creased slightly with Ti content.—MA. 
19759 

6.3:5, 3.5:9;.3.7:2 
Oxidation of Niobium-Chromium Al- 
loys at Elevated Temperatures. Charles 
A. Barrett and Francis J. Clauss. (Elec- 
trochem. Soc. Symposium on) Tech- 
nology of Niobium 1958, 1958, 98-105. 
John Wiley & Sons, Inc., New York. 
Niobium-chromium alloys containing 
chromium 0.8-11.6 percent were pre- 
pared by powder-compacting and sinter- 
ing at 3500 F (1925 C). Specimens were 
exposed at 800, 1000 and 1200 C for 2% 
hr. and weighed in situ at frequent inter- 
vals. Subsequent examination was by 
X-ray diffraction, chemical analysis and 
metallography. At 800 C maximum 
corrosion-resistance is obtained with 
~8 at. percent chromium; at 1000 C 
oxidation-resistance increases continu- 
ously with increasing chromium content 
(max. 11.6 percent); at 1200 C the 
presence of chromium within the range 
stated had no effect on oxidation-resist- 
ance. 12 references.—MA. 19627 


6.3.10, 6.3.4 

Nickel- and Cobalt-Base Alloys. F. S. 
Badger and G. A. Fritzlen. (Am. Soc. 
Metals Conf. on) Metals for Supersonic 
Aircraft and Missiles, 1958, 234-257; 
disc., 257-260; Appendix 363-364. 

Some of the available engineering 
data necessary for aerodynamic applica- 
tions of Ni- and Co-base alloys are dis- 
cussed. Ten wrought alloys readily 
available in sheet form are described 
and their characteristics compared with 
A.1.S.1. Type 304 and 316 stainless steel. 
The physical and chemical properties 
of these alloys which make them useful 
for service above 1000 F (540 C) are 
described. Thermal expansion, thermal 
conductivity, thermal shock, oxidation- 
resistance, carburization, radiation § ef- 
fects, specific heat, d, emissivity and 
melting ranges are included. Mechanical 
properties, including room-temperature 
tensile data, elevated-temperature 
strengths, modulus of elasticity, 
rupture and creep strengths, endurance 
and impact properties, formability and 
fabricability are also discussed. Thermal 
effects on properties are summarized. 
An appendix is given on the effect of 
irradiation on hardness and _ tensile 
properties. 24 references —MA. 19637 


stress- 


6.3.21, 8.4.5 

The Corrosion of Thorium and Its 
Alloys. W. E. Berry, R. S. Peoples and 
H. A. Pray. (Am. Soc. Metals Conf. 
on) The Metal Thorium, 1956, 1958, 
267-276. 

The behavior of thorium and its al- 
loys in contact with environments en- 
countered in the several types of power 
reactors is discussed. The corrosion 
problems presented when ThOsz is used 
as a reactor fuel are considered—MA. 

19678 
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6.3.20, 3.5.4, 8.4.5 
Failure of the Normal Zircaloy Py 
oc el 
Rod No. 1 and Pre-Irradiation Testi 
of The Replacement Fuel Rods. Interin, 
Report. R. F. Boyle. Westinghouse 
Electric Corp. Atomic Power Div. U. § 
Atomic Energy Commission Pubn,, 
WAPD-PWR-PMM-3391, 1959, 13 Dp. 
Available from Office of Technical 
Services, Washington, D. C. 

The X-I-N irradiation experiment js 
designed to test the hydriding mecha. 
nism of the fuel rod failure and to 
establish the relative merit of N-free- Fe 
replaced Zircaloy as compared to nor- 
mal Zircaloy with respect to hydrogen 
adsorption behavior. The experiment 
consisted of two PWR-type fuel rods 
with a 0.005-in. drilled defect hole Io- 
cated approximately over the center of 
the first UO: pellet. Failure of the de- 
fected normal Zircaloy rod in the test 
occurred by the opening, through a 
W ater-logging action, of a crack already 
present in the tubing prior to irradiation 
—NSA. 19661 


6:3.:19, 3:2:2, 3:59 

Etch Pits in Zinc. G. 
Hugo. J. Inst. 
July. 

Experiments were 
coarse grained zinc containing 0,002 
percent tin. Annealing between 100-400 
C was found to lead to the develop- 
ment of etch pits which were smaller 
and more numerous at. the lower 
temperatures, increasing in size and 
decreasing in number with rise of tem- 
perature. This behavior is explained by 
diffusion of tin atoms in the zine. 16 
illustrations —ZDA. 19663 


Bassi and J. P 
Metals, 87, 376-379 (1959) 


performed on 


6.:3.16,.3.7:4,.7.7 

Relation Between the Microstructure 
of Tungsten and Its Behavior as a Low- 
Voltage Contact Material. (In French.) 
R. Bernard. Plansee Proc. 1958, 1959, 
55-67; disc., 67-68. Metallwerk Plansee 
AG., Reutte/Tyrol, Austria. 

The performance of tungsten con- 
tacts cannot be predicted either by 
chemical analysis or hardness determt- 
nation. On the other hand, metallo- 
graphic ex amination reveals marked dit. 
ferences in the microstructure assumed 
to be in direct relation to the metal 
performance. A very fine, long-fiber 
structure appears preferable for good 
contact performance. Generally, a coarse, 
short fiber, recrystallized structure leads 
to poor performance favoring surface 
oxidation and metal transfer between 
the electrodes. Sintered tungsten con- 
tacts have the advantage of a very 
small metal transfer, and the surtace 
oxidation is also smaller, but wear 1s 
greater, prob: ably on account of a teat- 
ing out of the grains—MA. 19669 


6.3.6, 3.7.2 

Effect of Titanium Addition in Alpha- 
Brass. S. K. Biswas and S. C. Das 
Gupta. Trans. Indian Inst. Metals, 12, 
175-184 (1959) June. 

The effect of adding 0.08-1.22 percent 
titanium was studied. The limit oi solid 
solubility lies between 0.68 and 1.22 per- 
cent titanium, Corrosion-resistance i 
sea-water, 10 percent HSOs, and 1) 
percent NaOH is improved by titanium 


as long as no second phase is formed 


Titanium improves oxidation- resistance 
up to approximately 350 C; hardness 
and UTS are also improved and grail 
growth is inhibited —MA. 19675 
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8.8.5 
64M ninium-Base Zinc-Base Alloys for 


permanent-Mould Castings. E. Belkin. 
foundry, 87, No. 8, 70-74, (1959). 

Alloys of composition Zn 50-65, Al 
4.35 and Cu 1-5 percent, are considered 
y be of considerable potential value for 
oermanent-mould casting. Mechanical 
properties, resistance to intergranular 
corrosion, creep strength, dimensional 
sability and casting properties are tabu- 
lated in detail and reviewed. 11 refer- 
“ A. 19686 


to 


ences -M 
63,20, 3.7.3, 8.4.5 ; 

The Corrosion Behavior of 3.5 w/o 
Natural Uranium-Zirconium Base Fuel 
Alloy. E. G. Brush, R. E. Campagnoni 
nd M. A. Powers. Knolls Atomic 
Power Lab. U. S. Atomic Energy Com- 
mission Pubn., KAPL-M-REC -1, June 
16, 1959, 42 pp. Available from Office ot 
Technical Services, Washington, D. C. 
Tests were conducted to determine 
the corrosion behavior of 3.5 wt. percent 
(natural) uranium-zirconium base fuel 
alloy as a function of heat treatment 
and test water medium. ‘Ten heat treat- 
ments and three water media were in- 
volved, A comparison of method of 
sirface treatment was also evaluated. 
The results indicate that there were no 
synificant differences in the corrosion 
behavior of the alloy among the three 
water treatments. They also indicate 
that the effect of surface treatment upon 
weight change was insignificant, except 
nthe case of one heat treatment. The 
heat treatments may be classified in 
rder of decreasing corrosion resistance 
s follows: 1) rapidly quenched; 2) 
sowly cooled from 800 C; 3) furnace 
cooled from 950 C; and 4) air cooled 
irom 950 C. From the 950 C heat treat- 
ig temperature (above the transforma- 
tion range), it appears that furnace 
oling produces a more corrosion re- 
sistant alloy than air cooling, while from 
00 C (below the transformation range) 
no difference in corrosion rates is evi- 
dent between furnace and air cooling. 
\nalytical expressions for the corrosion 
behavior of each heat treatment are 
presented. (auth)—NSA. 19723 


63.20, 4.6.1, 5.12, 8.4.5 

Hot Water Corrosion Resistance of 
Hanford Zirconium and Zircaloy-2 Tub- 
ings M. D. Carver and E. T. Hayes. 
Bureau of Mines. U. S. Atomic Energy 
Commission Pubn., USBM-U-53, Oct. 
3, 1955 (Changed from Official Use 
Only August 28, 1959), 14 pp. Available 
tom Office of Technical Services, 
Washington, D. C. 

Samples of two types of Hanford re- 
actor tubing, zirconium and Zircaloy-2, 
each of four conditions, as_ rolled, 
ss relieved in air at 800 F, stress 
ttheved in argon at 800 F, and vacuum 
anealed at 1400 F, were subjected to 
lot water corrosion tests to determine 
the relative effect on the corrosion re- 
‘stance of each of the three heat treat- 
nents following fabrication. Also, it was 
indertaken to determine what effect an 
etching treatment following fabrication 
would have on the corrosion resistance. 
‘twas found that for both types of 
wing a longer life in hot water was 
obtained from vacuum annealing at 1400 
I than trom any of the other conditions 
i. which the specimens were tested. Of 
l€ other three conditions, none was 
ae to be definitely superior to the 
er two. The results show that, for 
oth types of tubing, etching can be 
pected to improve the corrosion re- 
‘stance of the as-roWed tubing and of 
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the as-rolled tubing which has been 
subjected to a stress relief in argon. The 
results show also that, for both types, 
etching can be expected to lower the 
corrosion resistance of the as-rolled 
tubing which has been subjected to a 
stress relief in air. Furthermore the 
results show that, for the as-rolled 
tubing which was subjected to vacuum 
annealing at 1400 F, etching either did 
not affect or affected only slightly the 
corrosion resistance of Zircaloy 2 tub- 
ing, but improved the corrosion resist- 
ance of the zirconium tubing. (auth)— 


NSA. 19711 


6.3.20, 3.7.4, 4.6.1 

Effect of Carbon and Its Distribution 
on the Corrosion Resistance of Zirco- 
nium in Water at 315 C. (In French.) 
H. Coriou, J. Gauduchau, L. Grall and 
J. Hure. Mém. Sci. Rev. Mét., 56, 693- 
703 (1959) Dee. 

Zirconium carbide is more reactive in 
water than zirconium. Corrosison proc- 
ess correlated with network of distribu- 
tion of carbide. Process of deformation 
of the specimen; characteristics of oxide 
films.—RML. 19710 





6.4 Non-Ferrous Metals 
and Alloys—tLight 





6.4.2; 2.3.7, 22:2, Die 

Exposure Tests of Aluminum Alloys 
SG100A and G8A. Progress Report of 
Subcommittee V on Exposure and Cor- 
rosion Tests. Appendix to Report of 
Committee B-6 on Die-Cast Metals and 
Alloys. Proc. Am. Soc. Testing Ma- 
terials, 58, 167-172 (1958). 

Summarizes results of indoor aging 
tests, of atmospheric exposure tests at 
New York (industrial) and Sandy Hook, 
New Jersey (marine); and of accele- 
rated corrosion test in 20 percent NaCl 
spray for bars of G8A (8 Mg-Al alloy) 
and SGIOOA (9.5 Si-0.5 Mg-Al alloy). 
Tables and graphs show effects of age- 
ing and corrosion on mechanical prop- 
erties (tensile strength, yield strength, 
elongation and Charpy impact).—INCO. 

19389 

6.4.2, 4.3.2, 5.8.2 

Inhibition of Corrosion of Aluminum 
in Acid Solutions. J. Sundararajan and 
T. L. Rama Char. J. Sci. Ind. Research 
(India), 18B, 387-388 (1958). Chem. 
Absts., 53, No. 8, 6972 (1959) April 25. 

The inhibition of corrosion of alumi- 
num by HCI (0.5N to 4.0N) by acridine, 
thiourea, nicotinic acid, dextrin and tan- 
nic acid was studied. Acridine is the 
preferred inhibitor, giving protection 


even at concentration of 0.02 g/1 in 
10N HCl, and protects the metal at 
higher normalities —ALL. 19523 


6.4.2;, 3.7.2 

Effects of Iron and Silicon on the 
Blackening of Aluminum. Yoshino 
Yamasaki, Hachiro Onbe, Shoji Naka- 
mura and Hiromitu Harimoto. J. Metal 
Finishing Society of Japan, 9, 422-426 
(1958) Nov. (In Japanese.) 

Low-silicon aluminum alloy shows 
slightly lighter color than with low-iron 
aluminum alloy, but in higher silicon 
alloy the differences in the degree of 
blackening are little—MR. 19606 


6.4.4, 3.8.4, 2.3.9 

Oxidation of Magnesium Single Crys- 
tals and Evaporated Films. Richard R. 
Addiss, Jr. Cornell Univ., Ithaca, New 
York. Technical Rept. No. 1 on Con- 
tract Nonr-401 (31). May, 1958, 95 pp. 
Order PB 138822 trom Library of Con- 








gress, Photoduplication Service, Publi- 
cations Board Project, Washington 25, 
BC. 

Apparatus and techniques were de- 
veloped for measuring the oxidation of 
magnesium single crystals at high tem- 
peratures, and evaporated magnesium 
films at room temperature, with a sen- 
sitive microbalance capable of operating 
in an ultra-high vacuum. Single crystals 
were oxidized at an oxygen pressure of 
2.5 mm mercury and temperatures of 
400 and 440 C.—GRR. 19615 
6.4.2, 3.2.2, 3.5.8, 3.4.8 

The Influence of Cations on Inter- 
crystalline Corrosion in Aluminum Al- 
loys. (In German.) Friedrich-Carl Althof 
and Harald Spindler. Z. Metallkunde, 
50, 574-581 (1959) Oct. 

Cationic influence on stress corrosion 
and intercrystalline corrosion of Al-Mg- 
7 and Al-Cu-Mg alloys. Interrelation 
between intercrystalline and stress cor- 
rosion in salt solutions; dependence of 
the corrosion formation on the pH 
values, dipping time and solution con- 
centration. 16 references—RML. 19614 


6.4.2, 4.3.5, 3.5.9, 3.8.4 

The Oxidation of Aluminium in Dry 
Oxygen in the Temperature Range 400- 
650 C. D. WL Aylmore, S. J. Gregg and 
W. B. Jepson. J. Inst. Metals, 88, No. 
5, 205-208 (1959-60). 

The kinetics of the oxidation of high- 
purity aluminum sheet in dry oxygen 
at 7.6 cm mercury pressure was studied 
at a series of fixed temperature ranging 
at 50° intervals from 400 to 650 C. The 
oxidation runs were continued for peri- 
least 170 hr. and at 450 C 
for 400 hr. The oxidation at 400 C, 
apart from the first 2 hrs., followed a 
parabolic-rate law, while the curves of 
Weight gain against time for the higher 
temperature consisted of three distinct 
branches over which the rate respec- 


ods of at 


tively decreased, was constant and de- 
creased again to a very small value, 
~ 0.05 Y/cem*/hr. The weight grains 


after 170 hr. oxidation were smaller the 
higher the emperature, apart from the 
400 and 650 C runs. The results are 
interpreted in terms of a crystallization 
of an initially formed amorphous oxide 
layer; this model is consistent with the 
electron-diffraction investigations of 


other workers. (auth)—MA. 19643 


6.4.2, 3.6.5, 3.6.6 


Corrosion of Aluminium Alloys. G. 
FitzGerald-Lee. Automobile Engineer, 
49, No. 6, 215-217 (1959) June. 

This article first discusses the quali- 
tative aspects of electrolytic corrosion. 
The table gives the solution potentials, 
with respect to a calomel electrode, of 
thirty well-known metals and_ alloys. 
With regard to the electrolytic corro- 
sion of iron coupled with aluminum, the 
author considers that aluminum spray- 
ing the iron gives the best protection, 
zinc spraying or galvanizing being the 
next best alternative (here the zinc is 
subsequently slowly eroded). Zine 
spraying ironwork is felt to be prefer- 
able to painting with zinc-rich paints. 
Where zine or zine die casting alloys 
are in contact with aluminum, the 
author does not consider that any spe- 
cial precautions against corrosion are 
called for; there is usually only a slight 
attack on the zinc. Zine alloy die cast- 
ings that have been nickel/chromium 
plated (B.S. 1224) are considered safe 
in contact with aluminum in ‘moderate’ 
atmospheres, 1 table—7DA. 19741 
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Corrosion by Urban Cooling Waters“ 


Introduction 
TATER TREATMENT specialists 
and industrial cooling system opera- 
ws have long been aware of problems 
wnerated by the dissolved solids increase 
id aeration which occur in circulating 
oling waters. If an operator avoids the 
itfalls of reduced heat exchange capac- 
w resulting from scale formation, he is 
kely to fall into the grip of corrosion 
ecause of the absence of protective films 
n metal surfaces. 
Refrigeration and air conditioning in- 
vallations have increasing at a 
pid rate in non-industrial urban build- 
os, A lack of awareness of water-caused 
roblems, inadequately trained and_ in- 
wflicient maintenance personnel, 


been 


poor 


1960. 


Service Laboratories, Inc., 


x Submitted for 


*Chief chemist, Water 
New York, N. Y. 


publication June 3, 


we I—Left: New test coupon; right: Coupon 
“er 42-day exposure in untreated cooling tower 
in New York City. 


By SIDNEY SUSSMAN* 


equipment location, and air pollution 
frequently combine to produce spectacu- 
lar corrosion failures in urban installa- 
For example, copper condenser 
tubes in one system perforated in only 
ten days. Corrosion failures within an 
air conditioning season are not un- 
usual. 

Such rapid failures are not widespread 
geographically because most public wate 
supplies have sufficiently high alkalinity 
to buffer-the acid picked up from mod- 
erately contaminated air. However, 
wherever alkalinity water combines 
with relatively high sulfur dioxide in the 
air, the frequency of corrosion failures 
and degree of acidity in untreated re- 
circulating waters im- 
pressive. 

Most water supplies in New England, 
the Middle Atlantic coastal region, the 
southern Appalachian highlands, and the 
Pacific Northwest have low alkalinities. 
The more highly populated urban areas 
provide higher average sulfur dioxide 
concentrations. The extent and intensity 
of these conditions may be from 
Table 1 which shows partial analyses of 
makeup waters and some untreated cir- 
culating cooling waters from a number 


tions. 


too 


low 


cooling become 


seen 


Abstract 


Untreated recirculating cooling waters are 
likely to become corrosive when low al- 
kalinity waters are present in an area 
where there is a_ relatively high sulfur 
dioxide air content. Untreated circulating 
cooling waters are compared with makeup 
waters for eight Eastern cities for such 
factors as pH, alkalinity, chloride content, 
sulfate/chloride ratio, and corrosion prod- 
ucts. New York City water is discussed 
specifically. Corrosion can be mitigated by 
alkaline pH adjustment with maintenance 
of satisfactory chromate concentrations. 


4.6.4 


of Eastern cities. Note how absorption 
of sulfur oxides reduced circulating water 
alkalinity enough to form free acid in 
most and increased the sulfate- 
chloride ratio. 


New York City Water 

Probably no other city combines low 
alkalinity water and highly polluted air 
to the same degree as New York. The 
water used for makeup in hundreds of 
cooling systems contains only 10 ppm 
alkalinity as CaCO,. The Department of 
Air Pollution Control has reported an 
average sulfur dioxide content of about 
0.1 ppm in the air during the summer 
with 0.5-0.6 ppm peaks.’ In winter the 
situation is with average sulfur 


cases 


worse 


TABLE 1—Comparison of Untreated Circulating Cooling Waters with Makeup Waters 


City 


Springfield, Mass. 
New York, N.Y. 
Newark, N. J, 
Philadelphia, Pa. 
Lancaster, Pa. 
Wilmington, Del. 
Baltimore, Md. 


Richmond, Va. 


* M = Makeup (City Water). 
C = Circulating Cooling Water (Untreated). 
Note: Corrosion Products, 
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Corrosion Products 


Fe Cu Zn 
0 0 
0.5 ‘ 0 





0 


Alk, Acid and Cl are in PPM. 
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dioxide concentrations rising to 0.25 ppm 
and 0.8 ppm peaks. 

The widespread effects of this air and 
water combination was shown by pH 
measurements on untreated circulating 
water samples collected from 1,544 evap- 
orative cooling units in New York. pH 
values as low as 2.5 were observed. Fifty 
3.2 percent) had a pH below 4, 150 
(9.7 percent) were circulating free acid 
(pH below 4.4), and 1,193 (77.3 per- 
cent) had a pH below 7.0. 

Frequent rapid corrosion failures 
testify to the aggressiveness of such 


waters. Corrosion rates of 400 MDD and 
more are observed with mild steel ex- 
posed 6-8 weeks in New York cooling 
towers. Figure 1 shows a cleaned test 
coupon after such exposure (right), with 
an unexposed control at left. Corro- 
sion of mild steel coupons in 52 un- 
treated evaporative cooling units aver- 
aged 58 MDD. This represents serious 
corrosion of the thin steel employed in 
smaller equipment. 

Fortunately, reliable corrosion control 
procedures are available. Most effective 
of these is alkaline pH adjustment with 


Any discussion of this article not published above 


will appear in June, 1961 issue. 


Vol. 1 


maintenance of satisfactory chromate 
concentrations. Corrosion of mild stee! 
in 55 chromate-treated units in New 
York averaged only 3.1 MDD, with none 
higher than 9 MDD. 

As indicated elsewhere,’ treatment of 
urban units is not without its Special 
problems—many having no relationship 
to the chemistry of corrosion control 
treatment. 
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Film Formation Versus Film Maintenance in 


Cooling Water Inhibitor Performance” 


P. R. PUCKORIUS and W. J. RYZNER 


Introduction 

PEN RECIRCULATING cooling 

water systems depend for successful 
operation upon the use of effective water- 
treatment chemicals to control corrosion, 
microbiological growths and deposition 
on heat transfer surfaces. The cost of 
using these chemicals versus the cost of 
repairs and downtime resulting from 
treatment failures, is an important factor 
in the economics of many industrial op- 
erations. Problems involved in the selec- 
tion and application of water-treatment 
chemicals are therefore a major concern 
both to chemical suppliers and to oper- 
ators of industrial cooling towers. 

This paper is concerned with one part 
of this field: the proper method of apply- 
ing inhibitors in recirculating cooling 
water systems to obtain effective control 
of corrosion and deposition at minimum 
dosages and costs. High corrosion rates 
and severe deposition on heat transfer sur- 
faces often have resulted from the use of 
corrosion inhibitors at low dosage levels 
during start-ups or immediately follow- 
ing periods of low pH operation. It is 
shown that a combination of high dosage 
lvel start-up treatment to establish a 
protective film, followed by maintenance 
of this film at commonly employed low 
concentrations (or maintenance levels) of 
inhibitor with good pH control is the 
best way to obtain low corrosion rates 
aid good heat transfer at reasonable 
treatment costs. 

In this paper, the term corrosion is de- 
fined as the reaction of a metal with its 
environment resulting in loss of metal 
either generally over the surface or from 
localized areas. Corrosion products are 
the solid reaction products of the corro- 
‘on reaction. Fouling and deposition are 
used as synonyms referring to the laying- 
down of solid deposits on a metal surface. 
These deposits generally consist of three 
pes: corrosion products, suspended iat- 
ter carried in the water, and _ scaling 
products. Scaling refers specifically to 
the deposition of minerals from the water 
such as calcium carbonate and calcium 
phosphate). 

It should be understood that although 
corrosion and fouling are independent 
phenomena, they often occur together. 
That is, high corrosion rates often (but 
hot necessarily) result in severe desposi- 
ton on the metal surface. 

Although several different types of in- 
rganic compounds are used for corrosion 
‘control in recirculating cooling water, 
the present work was confined to 


k Submitted for publication February 17, 1960. 
* Paper presented at the 16th Annual Confer- 
ence, National Association of Corrosion Engi- 
neers, Dallas, Texas, March 14-18, 1960. 


chromate-based and polyphosphate-based 
treatments. Corrosion and fouling data 
were obtained with coupons and elec- 
trical resistance measuring probes in 
laboratory equipment simulating typical 
cooling tower operations. Field experi- 
ence has corroborated this labortory data. 


Experimental Section 


The test method employed for this 
work was essentially the same as that 
used by Bregman and Newman.’ The 
equipment is shown in Figures | and 2. 
The test involves measurements of corro- 
sion and deposition of metal coupons 
and electrical resistance measuring probes 
in a system incorporating the major 
variables associated with open recircu- 
lating cooling water systems. Briefly, 
coupons and probes were suspended in a 
vessel containing a synthetic cooling 
water plus inhibitor. The treated water 
was added to this vessel and allowed to 
overflow to the drain every 18 minutes. 
This rate corresponds to a 1.3 fold 
replacement of the water daily. The 
was thermostated at 140 F, a 
common metal tube wall temperature on 
heat transfer surfaces in industrial cool- 
ing systems. Related studies in this lab- 
oratory have shown that the data ob- 
tained in this apparatus correlate very 
well with similar data obtained in heat 
transfer equipment. 

The electrical resistance measuring 
probes were used to follow fluctuating 
corrosion rates accurately. Coupons pro- 
vide only average rates of corrosion over 
the entire period of exposure, whereas 
the electrical resistance measuring device 
makes possible detection of slight varia- 
tions in corrosion rate during the test. 
With the electrical resistance measuring 
device, rates of formation of protective 
films can be measured, and loss of pro- 
tection caused by changing conditions 
can be observed almost immediately. * * 
Laboratory strip probes, Models 1003 
(mild steel) and 1001 (Admiralty), des- 
ignation S4X1, were manufactured by the 
Crest Instrument Company. Probe prep- 
aration consisted only of a 30-second 
immersion period in inhibited hydro- 
chloric acid to activate the surface. Even 
with this activation treatment, a few 
probes still behaved in a passive manner 
for a short period; however, this initial 
passivity was overcome, and long term 
corrosion rates correlated well with those 
obtained with initially active probes (see 
Figure 3). 


vessel 


The test coupons were either 20 gauge 
SAE 1010 20 gauge ar- 
senical inhibited Admiralty, 1 inch x 2 


mild steel or 
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Physical Chemistry Department of Nalco 
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in research and development of corrosion and 
scale inhibitors for cooling water systems. 
He has a BS in chemistry from St. Mary’s 
College and is a member of NACE. 


Abstract 


Corrosion inhibitors in open recirculating 
cooling water systems require rapid and 
complete film formation for maximum ef- 
fectiveness. The protective film is estab- 
lished on clean surfaces by initial treat- 
ment with inhibitor at high dosage levels. 
Protection then can be maintained by 
continuous treatment at substantially lower 
levels. If operational difficulties should 
cause loss of the protective film, low level 
treatment after the film has been lost may 
result in severely increased corrosion and 
deposition, 

Laboratory corrosion, deposition and 
consumption studies with polyphosphate- 
based and chromate-based inhibitors illus- 
trate the advantages of high level start-up 
and low level maintenance treatments. 
These data are confirmed by actual field 
experiences. 5.8.1 


inches in area, prepared as described by 
Bregman and Newman.’ The coupons 
were used primarily to measure dep- 
osition and to supply an active metal 
surface (20 square inches per test) to the 
test water. Five coupons were used in 
each test. The coupons were removed and 
processed at the end of each test to 
obtain total deposition and to provide 
a check on average corrosion rates ob- 
tained with the electrical resistance meas- 
uring device. It was found that corrosion 
rates obtained by both methods generally 
correlated well, as shown in Table 1. 
Similar results have been reported by 
other authors.’ 

The detailed test procedure has been 
described previously.’ In the present 
work, the pH of the test vessel was con- 
trolled between 6.0 and 6.5 for polyphos- 
phate-based treatments, and between 6.5 
and 7.0 for chromate-based treatments. 
In all cases, when polyphosphate-based 
treatments were used, the concentrations 
were calculated in terms of the total 
phosphate present. Similarly, concentra- 
tions of chromate-based treatments were 
calculated in terms of total chromate. 
Probe readings were obtained frequently 
during each test, and water samples were 
taken intermittently for phosphate and 
chromate determinations. The test period 
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Figure 1—Drawing of corrosion test apparatus. 


was generally 14 days, but some tests 
were carried out for longer periods. The 
test apparatus was arranged so that up 
to 16 tests could be performed simultane- 
ously. Figure 2 shows seven test units in 
operation. 


Discussion of Results 


The fundamental mechanisms of corro- 
sion protection with chromate or poly- 
phosphate-based inhibitors in cooling 
waters still are not completely under- 
stood. Nevertheless, it is generally agreed 
that protection is obtained by reaction 
of the chromate or polyphosphate or 
both with the metal surface and with 
certain water constituents to form what 
is known as a protective film. The metal 
surface has a specific demand for in- 
hibitor based on the area susceptible to 
corrosive attack. This active surface will 
either corrode in the absence of an in- 
hibitor, or will react in the presence of 
an inhibitor to form a protective film on 
the metal surface. 

When a polyphosphate or chromate- 
based inhibitor is applied initially in a 
clean system, the inhibitor concentration 
in the water is observed to decrease with 
time. This effect, which is aptly de- 
scribed as consumption of inhibitor, 
results from the formation of protective 
films. The rate at which the film is 
formed is related to the inhibitor con- 
centration in the water. Should the con- 
centration of inhibitor fall below a cer- 
tain minimum level, film formation may 
be sufficiently slow to allow corrosion to 
continue unchecked in non-filmed areas. 
Corrosion may be rapid enough to sup- 
press film formation through the accumu- 
lation of corrosion products, These corro- 
sion products may then further reduce 
the available corrosion inhibitor concen- 
tration by reacting with the inhibitor to 
form more deposits. Also, localized high 
pH levels near corroding areas on the 


metal surface will allow some inhibitor 
to react with calcium hardness in the 
water, forming scales. Deposits formed in 
this way are voluminous, porous, and non- 
protective. Because circulation of water 
through the deposits is low, inhibitor 
will be consumed quickly beneath the 
deposits and corrosion rates may be in- 
creased through local concentration cell 
action. 

Figure 4 illustrates the results of good 
and poor film formation. Test coupons, 
upper left and right, respectively, were 
treated with polyphosphate-based and 
chromate-based inhibitors at maintenance 
dosages of 20 and 15 ppm for four days. 
These coupons illustrate the character- 
istic fouling and corrosion which occurs 
when a good protective film cannot form. 
Because of the heavy deposits present, 
these coupons would be very difficult to 
protect from further attack, even with 
high inhibitor dosages. 

When corrosion inhibitors are applied 
at a concentration high enough to satisfy 
the initial demand, film formation gener- 
ally is rapid and complete. With good 
film formation during the early corrosion 
stages, total corrosion and deposition of 
corrosion products can be maintained at 
very low levels. The lower left and right 
coupons in Figure 4 were treated with 
60 ppm of inhibitor for the first four 
days. The good protective films which 
formed were effectively maintained at 
much lower levels of inhibitor, 20 ppm 
of phosphate and 15 ppm of chromate, 
respectively. These coupons show much 
less corrosion and desposition compared 
to the upper two coupons, even though 
the lower coupons were exposed over a 
longer period of time. 


Inhibitor Consumption on Steel Surfaces 

Polyphosphate and chromate-based in- 
hibitors are consumed at high rates 
during the initial corrosion protection 
process. Figure 5 illustrates consumption 
of polyphosphate-based inhibitors at 
various levels of treatment. The phos- 
phate contents of these tests started at 
60, 40, 30, and 20 ppm. After 24 hours 
the phosphate levels were 60, 29, 16, and 
4 ppm, respectively. In the test at 40 
ppm, the inhibitor level returned to its 
original value after six days, while the 
30 ppm did not reach its original value 
in 14 days. The 20 ppm test was down 
to 4 ppm and still dropping when the 
test was stopped after two days. 

Table 2 shows the relationship be- 
tween deposition on the test panels and 
corrosion rates with various levels of 
polyphosphate-based treatment. The de- 
posits found on the coupon surfaces are 
primarily corrosion products. These data 
show that inhibitor was consumed and 
deposits were formed at rates directly 


Vol. 


related to the corrosion rate and metal 
surface area. It can be seen that even 
though the corrosion rate at 20 ppm, for 
example, was higher than at 60 ppm, the 
deposition at 20 ppm was much larger 
than at 60 ppm. This corresponds to the 
greater consumption of phosphate at 99 
ppm, as shown in Figure 5, 

Initial consumption of inhibitor also 
occurs with chromate-based inhibitors. 
However, because of the anodic nature 
of chromate-based inhibitors, pitting at. 
tack is quite severe at low inhibitor 
levels. Increasing the inhibitor concep. 
trations decreases the pitting tendency. 
Concentrations of chromate treatments 
vs. time are presented in Figure 6 and 
Table 3. It can be seen that the amounts 
of chromate-based inhibitors consumed 
were all in the range of 4 to 6 ppm 
after 24 hours regardless of concen. 
tration. However, corresponding corro- 
sion rates, pitting, and deposition of 
corrosion products decreased with ip. 
creasing inhibitor dosages. 


Initial High Level Treatments on 
Steel Surfaces 

The benefits of continuous high level 
treatment and the problems of corrosion, 
deposition, and inhibitor consumption 
which arise when insufficient inhibitor is 
present have been clearly shown. How- 
ever, in most large industrial systems, 
blowdown, spray losses, cycles of con- 
centration, make-up, etc., make it un 
economical to use inhibitors continuously 
at dosages as high as 60 ppm of total 
phosphate or total chromate. 

Fortunately, as was shown in Figure 
4, it is unnecessary to operate at these 
high levels, provided that rapid and con- 
plete film formation can be established 
during the first days of operation. Figure 
7 shows corrosion rates on steel, obtained 
with polyphosphate-based inhibitors at 
various treatment levels. Test A demon- 
strates low level start-up at a dosage of 
20 ppm. As can be seen, the corrosion 
rate starts high because the metal surface 
is active. The rate begins to drop as the 
corrosion-inhibiting film forms. However, 
a complete film cannot be formed be- 
cause of the rapid consumption of poly- 
phosphate at 20 ppm (see Figure 5). 
The polyphosphate concentration in the 
solution never reaches a level sufficient to 
form a complete protective film. Corro- 
sion continues on the unprotected sut- 
face, and the corrosion products form 4 
porous, unprotective deposit. Soon the 
entire surface is covered, and the corro- 
sion rate climbs rapidly, resulting i 
heavy deposition and an_ unprotected 
surface. In Test B, the same inhibitor 
used in Test A was applied at 60 ppm 
for four days, and then reduced to 20 
ppm. The differences in corrosion rates 
are apparent. The amount of deposition 
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Figure 2—Photograph of corrosion test apparatus. 
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Figure 5—Consumption of phosphate on steel surfaces. 


Figure 3—Comparison of active and passive probes. 


in this test was very low. Rapid and 
complete film formation was obtained 
through the use of initial high level start- 
uw. The follow-up treatment at the 
maintenance dosage level effectively 
maintained the protective film. Test C 
illustrates a blank. 

The requirement for rapid film for- 
mation is just as essential with chromate- 
based as with polyphosphate-based in- 
hibitors. Maintenance level dosages of 
thromate-based inhibitors are not able to 
om a protective film rapidly enough 
to combat excessive corrosion and pitting. 
‘igure 8 shows the effects of dosage level 
corrosion rate with chromate-based 
nhibitors. In Test D, inhibitor was ap- 
jlied continuously at 15 ppm. Test E 
hows the same inhibitor applied at 60 
ppm for 4 days, and then at 15 ppm 
or 10 days. In Test D the corrosion rate 
at the end of 14 days was still gradually 
decreasing. In Test E, however, the 
itial corrosion rate was lower than in 
Test D, and continued to decrease with 
ime. Test C is a blank. 

Table 4 presents quantitative corrosion 
and deposition data obtained with chro- 


mate-based and polyphosphate-based 
treatments. Clearly, corrosion and dep- 
osition are closely related. In both types 
of treatment, the amount of deposit 
which formed with 60 ppm initial high 
level treatment followed by 20 ppm 
maintenance treatment is close to that 
formed in tests run at continuous high 


level. 


High Level Applications on Admiralty 

Initial inhibitor consumption occurs 
to a much greater extent on steel sur- 
faces than on other metals, particularly 
copper or the copper-based alloys. Also, 
inhibitor requirements for the protection 
of the copper alloys are lower than for 
steel. However, high level start-ups are 
beneficial in systems containing copper 
alloys as well as in all-steel systems. 
Figure 9 presents corrosion rate data for 
Admiralty, illustrating the benefits of 
initial high level treatment. Test F shows 
that with 15 ppm of a _polyphosphate- 
based inhibitor, the corrosion rate was 
higher than in Test G, which incorpo- 
rated initial high level treatment at 60 
ppm of the same inhibitor, followed by a 
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Figure 6—Chromate consumption on steel surfaces. 


maintenance level of 10 ppm of the same 
inhibitor. 

On both steel and copper alloyed sur- 
faces, the use of inhibitors during start- 
up at normal low maintenance levels 
may eventually result in a reasonable 
level of corrosion control. However, 
under such conditions, deposits may 
build up rapidly. These deposits will 
consist largely of corrosion products 
intermixed with inhibitor. Although cor- 
rosion rates become low in time, a 
relatively largé quantity of metal may be 
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Figure 7—Comparison of initial high level and continuous low level polyphosphate 
based treatments on corrosion of steel. 


TABLE 3—Corrosion Tests with Chromate-based Inhibitors 


Continuous Treatment (as ppm CrOQ,) 


TABLE 4—Corrosion Rates and Deposition—High Level and Continuous Treatments 


Concentration of Inhibitor as ppm 
POs or CrO4 


Polyphosphate-Base4 60 ppm 


4 ot 
20 ppm 


-10 days 


: 
Average MPY | Total Deposition 
| Rate (14days) | m¢/sq. cm. 


40.7 


| Average 
MPY Rates | 
(14 days) 


Total 
Deposition 
m¢/sq. cm. 


0.6 


60 ppm—continuously.. .. sakiaes 1.0 


20 ppm—continuously. . 


Chromate-Based 60 ppm— 4 i 
15 ppm—10 days 


60 ppm—continuously.. . 
continuously 


15 ppm 


lost during the early stages of inhibitor 
application. The deposits in such systems 
usually are porous, thus making the sur- 
face more receptive to further deposit 
build-up if conditions should change 
slightly. 


Fluctuating Conditions 

It has been established that with chro- 
mate and _ polyphosphate-based  inhibi- 
tors, high level treatment followed by 
continuous low maintenance dosages will 
effectively control corrosion and deposi- 
tion in recirculating cooling water sys- 
tems. Should the inhibitor level drop 
below the required film maintenance dos- 
age, or if other circumstances, such as 
poor pH control, should cause the film 
to be removed, high level treatment may 
be required to re-establish protection. 

Figure 10 shows changes in corrosion 
rates under fluctuating conditions. Total 
corrosion is represented by the solid line 
and the left hand ordinate, while daily 
changes in corrosion rate are shown by 
the dotted line and the right hand ordi- 
nate. In this test, a protective film was 
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established by treatment with a polyphos- 
phate-based inhibitor at 60 ppm for the 
first four days. At point A, the level was 
reduced to 20 ppm to maintain this film. 
The protective film provided low corro- 
sion rates and low deposition. Treatment 
was stopped at point B, and soon there- 
after the corrosion rate began to rise. At 
C, two days later, the inhibitor was re- 
turned to the 20 ppm maintenance level. 
Since only slight film removal had 
occurred, corrosion control was quickly 
re-established. During periods B and C, 
an increase in deposition was observed. 
From point C to D, protection became 
essentially the same as from point A to B 
except for the increased deposit. 

At D, treatment was again terminated 
for 3 days. The corrosion rate began to 
rise, and at E, treatment again 
supplied at the normal maintenance level 
of 20 ppm. This time, however, mainten- 
ance-level treatment did not reestablish 
protection, because too much of the pro- 
tective film had been lost. High level 
treatment was required at point F to 
produce a stable, low corrosion rate. At 
G, the 20 ppm level again became effec- 
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Figure 8—Comparison of initial high level and continuous low level chromate 
based treatments on corrosion of steel. 


tive for maintenance. At H, treatment 
was again stopped. The system was acid 
cleaned at I because during the entire 
period beyond point D, severe deposition 
had occurred. The most critical time was 
after point E, when the low mainten- 
ance-level treatment was reapplied in an 
attempt to re-establish the film. Acid 
cleaning at I removed the deposits and 
reactivated a clean metal surface. High 
level treatment for four days at J formed 
a protective film which was maintained 
at K with the original maintenance dos- 
age. These conditions essentially con- 
trolled corrosion and deposition as in the 
beginning of the test run. 


Field Application 

The laboratory tests reported above 
were conducted at the minimum in- 
hibitor levels required to establish and 
maintain films in the laboratory test ap- 
paratus. Actual field applications may 
employ inhibitors at slightly higher levels. 

A typical case history of film forma- 
tion and maintenance in an actual plant 
is shown in Figure 11. During 40 days 
of normal operation, the inhibitor level 
was held at 20 to 30 ppm, with a pH 
of 5.8 to 6.2. The average corrosion rate 
was 5 mpy. Erratic controls that followed 
caused loss of the protective film, and 
the corrosion rate increased drastically. 
Protection was re-established quickly by 
high level inhibitor application at 60 
ppm for three days. Steady dosage at 
the 20 ppm maintenance level coupled 
with good pH control continued the 
excellent corrosion protection for another 
40 days. During the period of errati 
controls, some deposition occurred and 
remained after the high level treatment, 
but further deposition was prevented. 
Protection was lost again at a later 
period, and was re-established by high 
level treatment for three days after the 
proper pH level had been obtained. 

Figures 10 and 11 also illustrate 4 
procedure for obtaining rapid formation 
of the protective film through the appli- 
cation of high level treatment. The elec- 
trical resistance measuring probe can be 
used as an effective method of determin 
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figure 9—Comparison of initial high level and continuous low level polyphosphate 
based treatments on the corrosion of Admiralty. 


ing the proper time for high level appli- 
cation and as a means of measuring the 
extent of film formation. 

A typical procedure for establishing 
he protective film is as follows: 


1, The system should be cleaned to 
rmove old corrosion deposits and scale 
by appropriate means, followed immedi- 
ately by 


2. High level inhibitor treatment with 
proper controls to maintain the necessary 
residuals and pH values, while monitor- 
ing corrosion with electrical resistance 
measuring probes. 


3. High level treatment should be con- 
tinued until corrosion rates drop to a low 
level. Generally 3-5 days are required for 
this. However, under severely corrosive 
conditions, longer times may be needed. 


have dimin- 
the inhibitor 
levels 


4, When corrosion rates 
shed and remain constant, 
treatment can be switched to low 
‘0 maintain the protective film. 


Many plants have instituted a regular 
program of high level inhibitor dosages 
during turnarounds and whenever corro- 
‘ion rates increase substantially. Constant 
monitoring with the electrical resistance 
measuring device provides warning of 
loss of protection and indicates the need 
for high level treatment to re-establish 
protection. 

A review of the plant operating data 
in Figure 11 and the fluctuating con- 
ditions shown in Figure 10 illustrate the 
importance of maintaining proper con- 
tol of inhibitor levels and pH _ values 
‘0 reduce corrosion and deposition. If 
controls are not maintained effectively, 
‘vere corrosion, deposition and loss of 
Protective film may occur. In many such 
tases, cleaning and reapplication of high 
level treatment may be required. The 
need for proper controls on the operation 
ot the cooling system cannot be 
‘mphasized. Many plants have incorpo- 
tated pH controller-recorder equipment 
and increased testing fre “quency to assure 
better controls. The result ge nerally has 
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Figure 10—Effect of changing inhibitor dosage on film maintenance. 
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Figure 11—Plant data illustrating high level treatment. 
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Conclusion 

1. Laboratory and field testing with 
chromate and polyphosphate-based in- 
hibitors has shown that in open recircu- 
lating cooling water systems, initial high 
level inhibitor application rapidly estab- 
lishes a protective film that can be main- 
tained with continuous low dosages. Low 
corrosion and deposition rates can be ob- 
tained with this type of inhibitor appli- 
cation. Initial and continuous application 
of low inhibitor dosages may result in 
acceptable corrosion rates, but may be 
accompanied by heavy deposition of cor- 
rosion products. Continuous high level 
inhibitor treatment is effective against 
both corrosion and fouling, but is gen- 
erally economically unfeasible. 


2. Should corrosion protection be par- 
tially or entirely lost because of lower 
than required maintenance levels, low or 
high pH conditions, or other abnormal 
situations, protection may be _ re-estab- 
lished with high inhibitor dosage for 
short periods with a minimum degree of 
deposition. Atte mpting to re-establish 
protection with maintenance dosages of 
inhibitor usually results in severe depo- 
sition and increased corrosion. The lab- 
oratory data have been substantiated by 
actual field applications. 


The experimental data reported in 
sie paper illustrate the value of electrical 
resistance measuring probes for deter- 
mining and following corrosion rates in 
a cooling water system. 
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DISCUSSION 
Questions by Giles A. Rawls, Port 
Arthur, Texas: 


1. Did you check corrosion rates on 
coupons as well as on electrical resistance 
measuring probes? How did they com- 
pare? 


2. Did you use same probe throughout 
test? 


Replies by W. J. Ryzner: 

1. Coupons were checked closely as 
shown in Table 1. These data show the 
relationship of corrosion rates from 
coupons and probes to be comparable. 
The comparison can only be made with 
the average corrosion rates. 


2. Yes. A single probe was used during 
an entire test. This probe allowed fluctu- 
ating corrosion rates to be calculated 
during the run, simply by changing the 
microinches measurement to mpy rate of 
metal loss. 


Question by Norris J. Landis, Standard 
Oil Company (Ohio), Cleveland, 
Ohio: 

How do the high level initial and the 
continuous low level treatments compare 
with respect to suppressing pitting attack, 
for both polyphosphate and chromate 
treatments? 


Reply by W. J. Ryzner: 

Of the two types of inhibitors, Chro- 
mate treatments are much more prone to 
pitting attack than the polyphosphate 
treatments. The high level treatment sub- 
stantially reduces the pitting tendency by 
forming the protective film rapidly and 
uniformly. Low level treatments without 
benefits of high level are susceptible to 
pitting attack due to imperfect film 
formation. Once a protective film is 
established, normal low level of inhibitor 
sufficient for film maintaining would 
prevent any corrosion from occurring. 
This includes pitting as well as localized 
or general type. 


Question by A. S. Couper, Standard 
Oil Company (Indiana), Whiting 
Indiana: 

If POs and CrO;, form protective films, 
do you find an acceleration of corrosion 

(over the blank) at very low inhibitor 


Any discussion of this article not published above 


will appear in June, 1961 issue. 


Vol. 16 


concentration? How low an_ inhibito; 
concentration have vou tested? 


Reply by W. J. Ryzner: 

The phenomenon of accelerated corto. 
sion at very low inhibitor concentrations 
over that occurring with a blank is more 
common among organic inhibitors in or. 
ganic media. However, with cooling 
water treatments this effect is not as pro. 
nounced. Perhaps the increase jn |p. 
calized and pitting attack is confused 
with this tendency. In cooling water sys. 
tems, the anodic inhibitors such as chro. 
mates, at low inhibitor levels cause an 
increase in pitting attack due to jp. 
complete film formation. The attack js 
concentrated at the pit areas and gives 
the appearance of more severe attack 
over the type of corrosion occurring on 
the blank test. We have investigated in. 
hibitors of all types at very low levels 
and find only aggravated pitting or 
localized attack which usually is equiva- 
lent or less than the corrosion of a blank 
test. 
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Introduction 

HE PETROLEUM refining industry 

has long been concerned with the 
jestion of the cost of corrosion in refin- 
aie. The importance of obtaining 
aswers to this question has increased 
teadily with increasing competition in 
the industry. It is true that production 
losses may comprise most of the cost of 
rrosion When corrosion causes forced 
dutdowns. However, this category of 

;orrosion cost is not generally available, 
ince it depends on a multitude of tran- 
jtory and intangible factors. Rather, the 
orrosion engineer is concerned with the 
ost of countermeasures to reduce corro- 
sion costs. 

As defined in this sense, “corrosion” 
includes all forms and degrees found in 
the refinery, both active and_ potential. 
The urgency of need for a solution to a 
particular corrosion problem is here irrel- 
want; it is of major importance that 
ountermeasures be properly directed so 
that the maximum benefit is given to the 
profitability of the refining operation. 
This economic approach, on a broad 
basis, is essential for determining which 

irosion problems should be concen- 
uated on and how much energy should 
be expended in controlling them. 

Progress in developing broad-scale cor- 
rsion costs has been slow, because of 
the very magnitude of the work itself 
and because of the difficulty in obtaining 
accurate basic cost information. In 1954 
the API Subcommittee on Corrosion 
published a preliminary estimate that 
orrosion was costing the refining indus- 
ty between 11 and 19 cents per barrel 
{crude charge.t While it is not within 
the scope of this paper to discuss this 
result, more detailed work has been 
needed in order to establish a useful and 
liable estimate. This paper is therefore 
ffered as a contribution in this area, the 
mphasis being in particular on the de- 
velopment of techniques for determining 
vasic costs. As defined here, basic costs 
uclude the material and labor costs asso- 
ated with the purchase of new equip- 
ment, the maintenance of existing equip- 
ment and the operation of corrosion 
ontrol facilities. 

Early in this work it was felt that 
Progress could best be made by limiting 
the study at first to a specific unit. In 
this way, such efforts as proved to be 
misdirected would not be expended in 
werly time-consuming projects, and the 
tudy could be kept within manageable 
Proportions. As satisfactory approaches 
and techniques became known, the study 
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Estimating the Cost of Corrosion 
In Refinery Crude Units* 


could be enlarged to cover other refinery 
units. 

The type of unit considered best for 
this study was a crude distillation unit, 
because crude units are basic refining 
components included in almost every re- 
finery. Also, crude units experience a 
large share of the total corrosion in a 
refinery. The particular units selected 
were twin crude units which went on 
stream in 1952 at Sohio’s Cleveland Re- 
finery. Each unit consisted of a two 
stage, atmospheric-vacuum tower system, 
with its own stripping and naphtha frac- 
tionating facilities, but with a common 
light-ends recovery system (Figure 1). 


Capital Cost of Corrosion Protection 

One of the basic corrosion costs is the 
cost of the corrosion protection built into 
new equipment. This corrosion protec- 
tion consists of alloy, alloy lining and 
added wall thicknesses where conven- 
tional materials are used. Costs in this 
category are termed the capital cost of 
corrosion. While the total capital cost 
of corrosion protection is itself a signifi- 
cant number, it is also important to know 
how this cost is broken down among 
different types of equipment. Such infor- 
mation is of value in locating areas of 
potential cost savings. The equipment 
size factor, as well as the corrosivity 
factor, is brought into perspective. 


me ASPHALT 
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Figure 1—Flow diagram 
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Abstract 
The cost of corrosion was estimated for 
refinery crude oil distillation units in a 
detailed study. This program was con- 


ceived as the first step in determining the 
cost of refinery corrosion on a unit 
throughput basis. A knowledge of the over- 
all cost of corrosion is regarded by, man- 
agement as a valuable aid in assigning 
manpower and facilities most effectively to 
corrosion work. Capital, maintenance and 
operating costs were all considered. A sig- 
nificant result of this cost study was that 
the actual cost of corrosion was far less 
than prior estimates by the industry would 
have predicted. Of equal importance are 
the methods evolved in gathering and ana- 
lyzing the various types of cost data. In 
their general form these methods should 
be applicable in corrosion cost studies for 
all types of process units. 1.2.2 


Methods Used in Estimating 

Capital Costs 

From a survey of possible approaches, 
it was found that a variety of data and 
information sources would be needed for 
this study. It was also necessary to de- 
velop some specialized techniques for the 
acquisition and treatment of data. An 
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effort was made to select methods which 
appeared to provide the necessary accu- 
racy and reliability within a reasonable 
amount of time. A description of these 
methods is presented below, in sufficient 
detail to permit their use for similar 
studies. To provide a common basis for 
comparisons, capital costs are expressed 
in the tabulated results as 1951 dollars. 
Costs were adjusted to this year by the 
use of the Nelson petroleum refinery 


index (N.I.}. 


Furnaces. The crude and vacuum fur- 
naces were provided originally with all 
carbon steel 34” wall tubes and standard 
carbon steel return bends. It was felt 
that if no corrosion had been anticipated, 
Y%" wall tubes would have been. suffi- 
cient. There would have been no justifi- 
cation in eliminating the corrosion allow- 
ance in the return bends, since these were 
standard types for which a 14” corrosion 
allowance costs nothing extra. Unit costs 
in dollars per hundred foot were obtained 
for the 34” wall and 1%” wall tubes in 
the length and sizes used in the furnaces. 
The first four columns of Table 1 show 
the results of these operations. Column 5 
gives the cost of corrosion allowance for 
each set of tubes, calculated by subtract- 
ing the total costs of 14” wall tubes from 
the corresponding costs of the 34” wall 
tubes. 


Towers, Three basic cost components 
were evaluated for towers. These are: the 
cost of corrosion allowance, the cost of 
alloy lining, and the cost of corrosion 
protection provided for trays. To find 
the cost of corrosion allowance, the total 
weight of the vessel was first determined. 
A data correlation was then used to find 
the unit cost of the vessel in cents per 
pound. For the heads and shells, sepa- 
rately, the total weight of the vessel was 
divided by the nominal thickness and 
multiplied by the corrosion allowance. 
The sum of the resulting weights was the 
weight of the metal representing the 
corrosion allowance. The weight of the 
corrosion allowance was next multiplied 
by the unit cost of the vessel, thereby 
yielding the total cost of corrosion allow- 
ance for each tower. 

To find the cost of alloy lining for a 
particular tower, first the total area of 
the lining was calculated. Available data 
on unit costs of lining in dollars per 
square foot were applied to the lining 
area to give as a result the total installed 
cost of the lining. An exception was the 
lining costs for the crude towers, which 
was available directly as a result of an 
earlier study. 

The cost of corrosion protection for 
trays was taken as the difference between 
the alloy tray cost and the tray cost 
assuming 10 gauge carbon steel as the 
“no-corrosion” alternate. Tray cost data 
were available in terms of size and alloy 
type. These unit cost differentials were 
then multiplied by the number of each 
size of tray in each tower. The sum of 
the incremental alloy costs is the total 
cost of corrosion protection provided for 
trays. 

Table 2 lists for each tower the perti- 
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TABLE 1—Furnaces—-Capital Cost of Corrosion Protection for Cleveland Crude Units 


| 
Cost of Tubes 
| As Installed 


Unit Cost, 

Crude Furnaces (2 units) | 

(Tubes and return bends—carbon steel) | 
(1) Oil Radiant Tubes 128—6” O.D. 

x 0.375” M. W. x 53’-0”. . biases l 

(2) Oil Convection Tubes 96—6” | 

O.D. x 0.375” M. W. x 20’-0”... .| 


427.37 
358.63 


(3) Cost of Corrosion Allowance (1) 
+ (2) 
Vacuum Furnaces (2 units) 
(Tubes and return bends—carbon steel) | 
(4) 32 Tubes, 4” O.D. x 0.375” M. W. 
x 20’-10°... 
(5) 10 Tubes, 6.5” 
M. W. x 29’-10”. 


eras 284.05 
OD; x 0.375" | 
; ; 528.68 


(6) Cost of Corrosion Allowance (4) 
+ (5)... 
Total Cost of Corrosion Allowance, 


(3) + (6). 


NOTE: Return 
corrosion allowance. 
*Basis: 1958 N. I. = 208 
**Basis: 1951 N. I. = 145 


nent physical data, the individual corro- 
sion protection costs (corrosion allow- 
ance, lining and tray material) and the 
total cost of corrosion protection. 


Drums. A similar calculation method 
was used for drums as for towers, al- 
though a different data correlation was 
utilized for determining the unit cost of 
a drum. The sum of the corrosion allow- 
ance cost and lining cost is the total cost 
of the corrosion protection. Along with 
the pertinent physical data, Table 3 lists 
these corrosion costs for each drum. 


Exchangers. Original equipment data 
were used with the procedure described 
here. Corrosion protection costs for ex- 
changers consist of corrosion allowances 
provided for all carbon steel parts, plus 
the cost differential between alloy and 
carbon steel tube bundles. 

The total cost of each exchanger was 
calculated as the product of the surface 
area, in square feet, and the unit cost, 
in dollars per square foot. Since ex- 
changer unit costs vary widely, depend- 
ing on several factors, it was fortunate 
that unit cost data pertaining to specific 
exchangers were available in most cases. 

The shell-side and tube-side corrosion 
allowances were next obtained from the 
contractor’s data sheets. These corrosion 
allowances were combined in arriving at 
a consistent corrosion allowance cost fac- 
tor, which was developed for each item 
from an estimate provided by an estab- 
lished exchanger manufacturer. This cost 
factor is the percentage of the total 
exchanger cost assignable to the corro- 
sion allowances. The individual cost fac- 
tors are not accurate in an absolute 
sense but should be sufficient for purposes 
of comparative estimates. Moreover, the 
cost of corrosion allowances is a minor 
part of the total exchanger protection 
cost. 

The total cost of the corrosion allow- 
ance was calculated as the product of the 
total exchanger cost (Table 4, Column 
5) and the corrosion allowance cost fac- 
tor (Column 8) and appears in Column 
9 of this table. 


$/100 Ft.* 


| 
| 





Total Cost,| Unit Cost, |Total Cost, Ae 


———— 
——— 


| Cost of Tubes | 
| With 0.250” Min. Wall| Cost of 


Trosion 


owance, 
| 1951 Dollars 


] 
| 
| 


$** | $/100 Ft.* | $** 


| 
| 
| 


20,200 296.75 14,020 


4,800 249.02 3,340 


7,640 


3,780 196.40 1,170 


2,200 366.11 680 


1,850 


9,490 


Tube costs were based on the data 
in Table 5. The cost per square foot of 
surface was multiplied by the surface 
area to give the total cost of the tubes 
actually installed. Tube costs on a “no- 
corrosion” basis were similarly developed, 
assuming 16 BWG carbon. steel tubes, 
The difference between the actual tube 
and “no-corrosion” tube cost was 
taken as the tube incremental cost of cor- 
rosion protection (Column 11, Table 4). 

The total corrosion protection cost for 
each exchanger (Column 12, Table 4 
is the sum of the results given in Col- 
umns 9 and 11, and the grand total is 
broken down by tube materials (bottom, 
Columns 11 and 12). 


cost 


Pumps. A review of the contractor's 
data sheets showed that standard mate- 
rials were furnished for all the crude 
unit pumps except those in hot oil serv- 
ice. Thus, the only premium paid for 
corrosion protection was the incremental 
cost of 12 percent chrome stainless steel 
impellers, lantern rings and packing box 
glands. The pump manufacturer was 
able to furnish cost difference informa- 
tion on each kind and size of part, cov- 
ering a total of 22 pumps in all. 


Piping. The method evolved to esti- 
mate the corrosion protection cost of 
the crude unit piping was a compromise, 
so that realistic costs could be developed 


in a reasonable amount of time. An 
item-by-item cost accounting technique 
was rejected as being too time consum- 
ing. Correspondingly, it was felt that a 
rough percentage - of - total-unit-cost ap- 
proach might be greatly in error. 

Since no alloy piping was provided in 
the crude units, all of the corrosion 
protection consisted of increased wall 
thickness. This increase in wall thickness 
was considered applicable only to process 
oil piping, and not to utility or product 
transfer piping. Also, cast fittings and 
valves could not have been obtained at 
a lower price if specified on a “no-corro- 
sion” basis. Welding cost differences for 
heavier versus lighter wall pipe were 
considered small enough to be neglected. 








= 
Item | 
No. | 
ao 
101, | Cruc 
9102 
9108, Cru 
gy | Stri 
9105, | Nap 
9106 : 
9107, Vac 
9108 
1109, Vac 
4110 Stor 
gil, | Der 
9112 | Det 
“TOTAL | 
*All Cost 
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Item | Size, 


0106 
107. Vacuum Towers 9’-0”, 13’-0” 


9107, 





9109, Vacuum Cylinder.... 3’-6” x 17’-0” 
al10 Stock Strippers 









y112 | Debutanizer Twr.... ; 4’-0” x 48’-0” 


TOTAL COSTS... 





Dollars N. I. = 145. 


*A}l Costs in 1951 








The piping cost differentials were based 
o wall thicknesses actually provided, 
compared to minimum thicknesses on the 

‘no-corrosion” basis. These comparisons 
ae specifically listed in Table 6, Notes 
1} and (2). The unit costs shown in 
Table 6 were obtained for pipe, weld- 
ing elbows, welding tees and welding re- 
ducers in pipe sizes from 2” through 24”, 
Pipe sizes under 2” were omitted, since 
the wall thicknesses in this category are 
governed mainly by mechanical strength 
considerations. 

The best source of information on 
piping quantities was found to be the 
refinery inspection records and the fabri- 
cator’s spool drawings. Accordingly, the 
inspection classification of fabricated pipe 
was adopted in making quantitative esti- 
mates. Thus, an item of fabricated pipe 
is classed as a spool, bend, header or 
leader bend. Each of these classes con- 
fans one or more of the components 
for which the unit costs of Table 6 had 
een obtained. From this point on, the 
procedure was as follows: 

1. A complete listing of fabricated 
pipe by class and size was made for one 
unit and the common light-ends facilities. 
The size groupings were simplified by 
neglecting reducers and by listing each 
item by the largest pipe size it contained. 
2. For each class and size of fabricated 
pipe, it was desired to determine the 
werage number of each type of fitting 
pipe, welding elbow, etc.) occuring in 
an item. This average frequency concept 
Was assumed to be valid under the re- 
trictions of this system. Fabricated pipe 
tems were selected at random from the 
bricator’s spool drawings, except for 
‘wes above 8”. A record was kept of the 
approximate number of feet of pipe and 
the number each of elbows, tees and re- 
ducers. This data was tabulated against 
pipe size and item class. For sizes above 
8,4 more thorough tabulation was made 
because of the small number of such 
tems installed. 

3. The average frequency of occur- 
tence of each type of fitting was deter- 
mined by dividing the total number of 
ittings in a size-class (for example, 4” 


TABLE 2—Towers—Capita 





1108 | and 6-0” x 77’-6” 





No. Tower Name | I.D. x Height 
er csencieninsl waninaretameomeaee ed 
9101 Crude Towers... . } 11’-0” x 130’-0” 
1102 

| | 
9103, Crude Tower Sidestream 3’-0” and 3’-6” 
0104 Strippers... . : |} x 71’-0" | 
9105, Naphtha Splitters. . | 5/-6” x 58’-0” | 


I Cos 


ts of Corrosion Protection for Cleveland Crude Units* 








facet | ar | 
Corrosion | 
Corrosion | Allowance | 
Allowance, | Cost, per Lining 
Inch | Tower, $ Material 
146 2,370 | Type 405S.S. | 
| Type 321S.S. | 
| Monel | 
4 2,430 None 
Lig 850 | Monel 
| Lined—145 2,380 Type 405S.S. | 
Unlined—% Monel 


gill, Depropanizer Twr.... 3’-6" x 71’-9".. 


Item 
No. 





6476 
6478 
6472, 
6473 


6474, 
6475 


6477 


6484 
6480 


6497, 
6498 


6486 
6482 


6487 


6460 


6459 
6466 


header bends 


16 220 


TOTAL 


Type 405S.S. 


Ag 580 | None 
le 800 | None 
17,880 | 


Drum Name 





Crude Charge Surge Drum. | 
Crude Tower Reflux Drum |} 
(a) Shell and Heads. . 

| 

(b) Sump. 

Naphtha Splitter Reflux | 
Drum... 


Depropanizer Reflux Drum 
Compressor Suction K. O. 

Drum See 
Fuel Gas K. O. Drum.. 


Crude Desalter (Sphere). .| 
Barometric Drum (2) 
Cooling Water Standpipe. 
Instrument Air Receiver 


Depropanizer-Feed Water 
Separator (a) Shell + 
Heads... 


(b) Sump 
Debutanizer Reflux Drum 


Debut. Refl. Drum Sump 
Pulsation Snubber (Special) 
Pulsation Snubber 


Total Costs (Both Units) 


*All costs in 1951 Dollars (N. I. 


Size, 


Type 410S.S. | 2,520 | 3,100 
Type 410S.S. | 970 1,770 
194,240 175,790 387,910 


10’-0” x 24-0” 


| 8’ 


-0” x 


2/.0" x 


6’-0” x 


4’ 


-0" x 


3’-0” x 


| 3” 


-0” x 


20’-0” 


4/.5” 
a-« 


20’-0” 


13’-0” 


8’.0" 
8/0" 


25’-0” Dia. 
5’-0" x 


| 2.0" x 
| 37-0" x 


0" » 
2’-0" x 


1’-0" x 


5’-0” x 


1’-6” x 
2’-0” x 
1’-6” x 


10/-0” 
8-0” 
8-0" 


12’-0" 


4’.0” 
12’-0” 


3’- 746 


6’-6” 
6’-0” 


” 


by the number of items 


in that size-class, as found from the in- 
spection item tabulation. For each size- 
class, there emerged a composite item 
containing the average pipe length and 


the average number of each type of weld- 


ing fitting. These composite items are 


listed in Table 7. 


4, 


The unit cost. differentials 


from 


Table 6 were multiplied by their corre- 
sponding values for the 
quency of occurrence, for each size and 
type of fitting. The resulting cost differ- 
entials were then totaled separately for 
each composite item, and the sum was 
multiplied by the number of items in- 
stalled. This gave the average corrosion 
protection cost for each size-class of fab- 
ricated pipe. Total costs were then found 
for each pipe size and, finally, for all of 
the piping. Table 7 summarizes 
breakdowns and lists the totals. 


average 


fre- 


these 


October, 1960 ESTIMATING THE COST OF CORROSION IN REFINERY CRUDE UNITS 








Installed Cost of Trays! 
Cost of Based On | Total 
| Lining, $ | Tray Carbon Steel,| Cost, $, 
| per Tower| Material $, per Tower | Both Units 
| Type 410S.S. | 12,570 | 236,720 
57,600 | Type 321SS. | 30,090 | 
| Monel 15,730 
TOTAL 58,390 
Type 410S.S. | 1,540 | 7,940 
14,920 | Monel 13,600 | 58,740 


18,300 | Type 410S.S. | 12,240 | 73,880 


4,020 | Monel 


22,320 


I.D. x Height | 


Corr. 
Allow. 
| Corr. Cost, 
| Allow., per 
In. Drum, $| 
4 2,005 
346, 6 885 
3 
16 
V4 1,325 
776 1,140 
\y 240 
Ve 240 
lg 1,670 
ZA 750 
Vy 195 
1A¢ 120 
lg 215 
0 
0 
\y 
\% 


2,280 Type 410S.S. 380 | 5,760 








l 
| Incremental | 

























































TABLE 3—Drums—Capital Cost of Corrosion Protection—Cleveland Crude Units* 


Miscellaneous. Cost data for the inhib- 
itor injection and ammonia storage 
equipment were fully covered in capital 
expenditure records. All of this cost was 
designated as corrosion protection, 
although other process benefits are also 
derived from the use of this equipment. 
Distribution of Capital Costs 

In reviewing the significance of the 
cost data given in Tables 1 through 7, 
it is in order to examine first the cost 
comparisons within each class of equip- 


ment. 


Furnaces. The $9,500 cost of corrosion 
allowance for all furnace tubes reflects 
the minimum protection provided for 
furnaces in the original job. This mini- 
mum protection was judged to be ade- 
quate on the 
sweet-crude operation for the period 
immediately following the original 















|Installed| Total 
| Cost of | Cost, 
Lining | Lining, 

















Ma- | $, per | Both 
terial | Drum | Units 
4,010 






Monel, | 4,640 11,050 
Lower % | 
Monel 








2,650 







1,140 







Pics eae 240 
b... ‘ 240 









3,340 
1,500 
| 195 






| a 
Solid Cost Diff.} 
Monel | 240 | 











20% Clad 
Monel | 480 480 
: | en 275 
335 







| 10,000 26,030 
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TABLE +—<Ehengere-—-Capnt Cost of Corrosion Protection for Cleveland Crude Units 


Exchanger Service 


Vac. P.A. Reflux—Hot Crude Exchs..... 
Vac. P.A. Reflux—Cold Crude Exchs.... 
Crude Tower O.H.—Crude Exchangers. 
Crude Tower O.H. Condensers. 


Crude Tower P.A. Reflux Trim Coolers. 


Crude Twr. Intermediate Reflux—Crude E xchs. | ‘ »oe 9,700 1. f ‘S 170 


No. 4 Sidestream—Crude Exchangers... . 
No. 3 Sidestrea: am—C rude E xchange rs 


No. 3 Sidestre am Coolers.. 

No. 4 Sidestream Coolers. . : 
Nap. Splitter Bottoms—Feed Exchi ingers 
Reforming Naphtha Coolers. ‘ : 
Nz ap hth 1 Splitter O.H. C onide nsers.. 
Naphtha Splitter Reboilers. . . 
Depropanizer Bottoms—Feed E xchangers. 


Depropanizer Bottoms Cooler. . 
Compressor Jacket Water Cooler. 
Depropanizer O.H. Condenser. 
De pro} yvanizer Reboilers. 

Vv ac. P./ Ay Re flux Trim Coolers 
Vac. Cylinder Stock Coolers 

Vac. Top Reflux Coolers. 

Asphalt C ooler Coil 


No. 4 Side stream P.A Crude Exchangers. . 


De but: inizer Re boiler. . 
Debutanizer O.H. Condenser 


Corrosion Allowances" 


| ,- 
| NG | / 

| Cost of 
| Shell | Tube | Tube | Total 
jin ie" | 


Total 


Sid Si Fa T y 
rime ie . Side actor Cost Tube Corrosion Corrosion 


In 146" | In 1 in ie" 2 Material* Protection | — Cost 
33,400 5. aes | 680 | i 
| “Jao | : 2 | 2 0 | 6s 0 | “a 
38,600 | a | 2 : | -3@s 700 1,740 
61,600 | : : 3.0 | 1,850 | A: | 12,790 14'640 
3,700 ‘ 3 RS lle SGOe | ae 580 670. 
320 
260 
260 


4,100 | : : 23 | i A 550 650 
oe | < 2.0 AA 780 | 890 
4,90 ) : ; | Le z | : 10 110 
7,000 2 ¢ | oe A: 1,260 1,420 


8,000 | ; 20 | ‘Ss 140 
8,000 | aKe al 20 | Ss 140 





26,300 < < 3. ¢ A: 5,460 

11,200 | < 2 2. 2% | 2S 110 | 330 
3,400 é 2 | 2. 7 a 20 90 
4,000 
1,400 
6,600 
6,700 


630 720 
sO | 210 
1140 | 1,290 
70 200 


tototot 


5,700 
5,600 
21,100 


780 890 
770 880 
3,670 | — 4,090 


botobo 


13,400 ‘ ‘ | 2 \ ‘Ss 170 
8,100 : é 2.! Al 770 
2,300 : ; 2) 40 | ‘Ss 10 
7,400 | § 2.3 Al 1,650 | 1,790 


Total Cost—Car. Stl. Tubes. ; : 2,340 ia 


*CS = Carbon Steel. AA = Antimonial Admiralty. Total Cost—Ant. Adm. Tubes. . 31,010 35,310 


Total Cost—All Exchangers. ... 3,03 33,350 41,380 


TABLE 5——Exchanger Tube Base Costs for Determining Cost of TABLE 6—Piping Cost Differentials on Wall Thickness Required for 


Corrosion Protection 


} 

| + Price per 
| Wall ; 100 Ft. As 
| Thickness | of Dec. ’58 


Tube O.D., Inch | | N. I. = 208 | N. I. = 145 | N. 1. = 145 


31.40 


Corrosion Allowance 


Price per Welding | Welding | Welding 
Sq. Ft. As | Cost Diff. Nominal Pipe Size, Pipe, Elbows, | Tees, | Reducers, 
of 1951 per Sq. Ft. Inches | $/Ft. $Each | §$ Each $ Each 


0.29 0.00 
: ; £205 0.68 2.05 
-+0.040 , re Reece i 1.01 | 3.27 


2.16 5.73 


0.838 | "40.063 e Siceecl “Oeer || 108 =| ~s«(10.62 
| 18.03 


21.50 


Carbon Steel Tubes: ASTM Gr. A-83 or A-179, 16-Ft. one cee to Seal ‘09% 9.3: 10.90 


Tube cost differences based on 16 BWG walla 


2. Antimonial admiralty tubes: 


: (Feb. 1951) $0.4933/Lb. For 1500-Piece Lots, 34” x 14 BWG x 


16’ Tubes. 


Min. Cost per Foot—$0.316 @ 15,430 Lbs. per 1500 pieces. 


Max. Cost per Foot—$0.333 @ @ 16,200 Lbs. 
Average Cost per Foot—$0.325. 
Average Cost per Sq. Ft.—%$1.656. 


Cost differential, based on 34” x 16 BWG x 16’ 


per sq. ft. 


start-up. Since that time, alloy renewals 
have been necessary, but many of the 
original carbon steel tubes are still in 
service, and carbon steel has proved to 
be a reasonable choice. However, a ques- 
tion exists whether an initial installation 
of 5% chrome moly alloy tubes might 
have been justified in the light of the 
high cost of alloy tube renewals, As yet, 
no study has been attempted in order to 
answer this question. 


Towers. By far the largest portion of 
the capital cost of corrosion protection 
went into towers. As Table 2 indicates, 
alloy lining and alloy internals were 
provided for larger towers, which are 
the towers for which, in general, alloy 
is most readily justified. The lining and 
trays accounted for nearly all of this 
cost, which was divided equally between 
them. Over 60% of the total corrosion 
protection cost of towers is in the two 
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s minimum requirement. Re tecca ss asa wen .246 2 56.00 40.70 


37. 76.30 68.00 
49.50 111.70 } 110,10 


500 pi U NIT COST DIFFERENTIALS, 1951 DOLLARS (N. I. = 145). . 

per 1500 pieces. NOTE: (1) Differential costs on all welding fittings based on ‘‘extra strong 
versus ‘‘standard”’ wall thickness. 

v7 2iping diffe i sts based as follows: 

6’ carbon steel— +$0.739 (2) Pix SS ae ae aig = Sor ger Ww 

10”: Sched. 60 vs. Sched. 40 

12”: 0.562” wall vs. 0.406” wall 

14” ‘and Larger: 0.500” wall vs. 0.375” wall 


crude towers. The vacuum towers and counted for only 6% of the total. The 
the naphtha splitters together account for remainder of the cost is taken up by 
34%. The remaining 6% is divided the estimated corrosion allowances. For 
among the side-stream strippers, the de- the 68 exchangers, the $41,000 total cost 
propanizer tower and the debutanizer of corrosion protection comes to approxl- 
tower. As a class, towers accounted for mately $600 per exc hanger. The range of 
$388,000, or over 77% of the total cost costs, per unit, was from $45 to $1,830. 


of corrosion protection for all equipment. Pumps. Pumps were the least ensily 


Drums. The corrosion protection costs class of equipment from a_ corrosion 
for drums are small, amounting to $26,- viewpoint. Although no alloy protection 
000 for 19 drums. Corrosion allowances 
represented $16,000 of this sum. The 
Monel lining installed in the two crude 
tower overhead accumulators cost $9,200, 
or 35% of the total. 


was built into pumps handling such cor- 
rosive materials as light naphtha, main- 
tenance has not been excessive on pumps: 
The total differential cost of the 12% 
chrome stainless steel parts provided for 
Exchangers. No alloy was provided for hot oil pumps was $1,300. 

exchangers in the original job, except for 

inhibited Admiralty tubes in coolers and Piping. No alloy piping was provided 
and condensers, which represented 75% in the original job. The corrosion pro- 
of the total corrosion protection cost for tection thus consisted of wall thickness 
exchangers. The additional wall thick- in excess of the minimum ru 
ness provided in carbon steel tubes ac- as defined in note (2) of Table The 


/ 
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Spools 
Total Cost: 


$5,090 
eee 
Bends 

Total Cost: 
$11,590 


emecnenian 


Headers 


Total Cost: 


Header 
Bends 
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TABLE 7—Fabricated Piping—Capital Cost of 





ype of 
Hibrieated Assembly 
COMPONENTS—QUANTITY 


ne ae 
Spools Pipe. Avg. Ft./ (Spool. . 
Toa Cost: Total No. Sunnie : 

0: Cost of Diff. Ww all Thick. 


oe Ft. /Bend 

Avg. No./Bend 

= ducers, Avg. No./Bend 
Total No. Bends... 

Cost of Diff. Wall T hick.. 


Pipe, 
Bends Ells, 


Tot al Cost: 


“ips, Roe Ft. (Header ee Ses 
Ells, Avg. No./Header... 
Tees, Avg. No./Header........ 
Reducers, Avg. No. /Header. 
Total No. 

Cost of Diff. Wall Thick.. 


Headers 


Total Cost: 
$4,100 

e Hdr, Bend. 
Bend 
Bend.. 


Avg. Ft. 
Ells, Avg. No./Hdr. 
Tees, Avg. No./Hdr. a 
Reducers, Avg. No./Hdr. Bend 
Total No. Hdr. Bends..... 
Cost of Diff. Wall Thick.. 


Bie, 





Header | 
Bends 


Total Cost: | 





TOTAL Costs 


By Pipe Size——=—=—=$>_ —$—$——$ $$$ —$ 
€—Al! Piping... ven 


: (1) See 


total corrosion protection cost 
$28,500 or 63 cents per barrel per stream 
As in the 


allowance 


was 
day of rated capacity. case of 
funace tubes, the corrosion 
approach has proved to be entirely eco- 
And in like manner, a continu- 
ing (though limited) program of 5% 
chrome-moly alloy renewals has been 
and is now in effect. 

Table 8 permits comparison between 
the different classes of equipment of the 
individual total protection 
costs. Tower lining, trays and cooler and 
condenser tubes accounted for 80% of 
the total cost. 


nomical, 


corrosion 


Corrosion allowances on 
carbon steel, though generally liberal, 
were only 20%. It is of further interest 
that the corrosion protection for towers 
amounted to over one-half the total cost 
of the towers, whereas the corrosion pro- 
tection for pumps amounted to less than 
\% of the cost of the pumps. The grand 
total of the corrosion protection cost for 
both crude units was $500,870. 


Evaluation of the Total Capital 
Cost of Corrosion 


The cost of corrosion protection de- 


termined for each class of equipment 
tepresents an implicit charge by the con- 
tractor in the original job and in subse- 
quent capital expenditures. For this 
Teason, it inferred that a 
reduction in corrosion protection invest- 
ment would necessarily have resulted 

4 proportionately lower cost. The actual 
cost decrease is subject to variation in a 
contract job depending on specific agree- 
ments which may exist. 


can not be 


The capital cost 
of corrosion is in this sense a hypo- 
thetical number; yet it represents a 
rational, estimate of the ad- 
ditional amount required to pay for the 


average 


Table 6 for unit costs of pipe and welding fittings. 


Furnaces (4)........... 


Corrosion Protection—Cleveland Crude Units | 


ESTIMATING THE COST OF CORROSION IN REFINERY CRUDE UNITS 





| 
| _NOMINAL PIPE SIZE _ 


92 
97 


15.4 
0.87 | 
0.055 | 

110 

240 


19.1 
0.84 
0.093 

287 
2,039 








2,390 


3,370 | 
| 


1,020 10,760 


| 


TABLE = Gaet of Corrosion 


| 


AOE OREN 3 a 5b 3 ec04 80 
Trays for above towers... 
Drums ( 19) 


Exc Rarieee (68) 
C. S. Tubes (34)..... 
A. A. Tubes (34)...... 
Other Parte. is. .8s0. 
Pumps camara ee 


Piping 
2 and BF. o.:::. 
Mera 5a 
Gace. 
g” 
10” and a r 
Total... : 
Special E quipment. 


TOTALS. aes 


built-in corrosion protection. The total 
cost, $500,870, is the original value of the 
corrosion protection provided as such. 
It does not include the value of corrosion 
protection automatically provided be- 
cause of other considerations which gov- 
ern, such as mechanical efficiency and the 
Cor- 


costs 


of standardized designs. 
this kind 


availability 
protection of 
nothing extra. 

The total cost of corrosion 
earded from several standpoints: as a 
number in itself of basic importance; as 
an intangible contributing to the burden 
of money requiring financing; and as an 
amount of money to be treated as a 
capital recovery. For the reasons given 
in the introductory paragraphs, the basic 
cost is in itself considered as providing 
an adequate result for this portion of 
the study. 


rosion 


can be re- 


Maintenance Cost of Corrosion 


Several approaches were tested in the 
effort to develop the maintenance cost 


“TL 








2) All costs in 1951 dollars (N.I. = 


Corrosion 
Allowance 


Over 12” 


10” See (Specific Notes Below) 





0 

6 

485 
(14”) 


490 
(14”) 


200 


145). 


Total 

Per Cent of 

Equipment 
Cost 


Cost of Cost of 
Alloy Corrosion 
Materials | Protection | 

9,490 | 3.4 
387,910 


36, 0: 30 


ia 
Cost of 
| ¥ 


$ 9,490 $ 
7,880 $194,240 


175,790 


16,030 10,000 


2,340 ae 41,380 | 
31,010 
8,030 


1,330 | 1,330 


3,680 
4,020 
10,760 


5,750 
4,270 


28,480) 28,480 


6,250 


$82,250 $412,370 $500,870 


values associated with corrosion alone. 
Consideration was given to the possibility 
of reviewing refinery work orders, in 
order to extract all the detailed expendi- 
tures. This approach was abandoned 
because of various practical difficulties. 
As the study progressed, it became ap- 
parent that the corrosion part of the total 
maintenance 


by the use of estimating techniques rely- 


cost could be isolated best 


ing considerably on general experience. 
In applying this method, repair and re- 
newal costs have been assumed to be 
related to the actual corrosion 
costs, even though some repairs involve 
corrosion distantly or not at all. The pur- 
pose was also served of defining specific 
areas deserving the most attention, with 
the object of indicating possible improve- 
ments in the concentration of mainte- 
nance efforts. 


closely 


Cost Methods 


The breakdown of maintenance 
was carried out by a method of approxi- 
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Estimating 


costs 
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mation. Total maintenance costs were 
first obtained, using refinery monthly cost 
records to develop data on an annual 
The maintenance year is from 
September to August, since the units 
originally went on stream in September, 
1952. 

To determine the breakdown of main- 
tenance costs among the different types 
of process equipment, the following pro- 
cedure was used: 

1. A thorough review of refinery in- 
spection reports was made, covering the 
five year period following the original 
start-up. 

2. All repairs and renewals in a given 
year were listed by the specific type of 
work done (for example, repairs to 
vacuum tower trays, renewal of furnace 
components, retubing of bundles in the 
tower overhead condensers). For 
each type of job, the number of items in- 
cluded and the number of repairs were 
listed. 

3. The specific work items from step 2 
were then relisted under the headings: 
exchangers, furnaces, vessels and piping. 
Under each of these headings the specific 
work items were grouped into classes to 
which unit costs of repairs and renewals 
could be assigned. 

+. Unit costs were estimated for each 

class of work. Where major doubt 
existed as to the area of magnitude of a 
cost, the refinery was consulted. These 
unit costs were then multiplied by the 
number of items listed under each class 
for each year. The result gave the total 
annual dollars spent for each class of 
work. 
5. For each equipment heading, the 
individual total annual costs by class of 
work were totalled. This gave the total 
annual cost of repairs and renewals by 
type of equipment. 

6. The “general” maintenance cost was 
taken as the difference between this total 
and the sum of the process equipment 
maintenance costs. 

Assuming that estimating errors tend 
to cancel, the maintenance cost break- 
down obtained by the above method 
should be reasonably valid for the pur- 
pose of showing the relative effect on 
maintenance of each category of process 
equipment. 


basis. 


crude 


Distribution of Maintenance Costs 

Maintenance costs for a refinery unit 
can be divided into two categories: (1) 
costs resulting from the deterioration of 
process equipment, and (2) general costs. 
Figure 2 shows the total annual mainte- 
nance costs for the first five years of 
operation. These costs are broken down 
by types of process equipment, with the 
remainder designated as general costs. 
The costs assigned to process equipment 
derive from repairs and renewals made 
for any of the following reasons: 


1. Low and high temperature forms of 
corrosion. 

2. High temperature deterioration of 
strength. 

3. Inadequate mechanical design for 
existing service conditions. 
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4. Fouling and plugging. 


Each of the above considerations has 
shown up as an important factor in the 
maintenance cost picture. Table 9 sum- 
marizes the pattern of process repairs 
and renewals through 1957. This pattern 
is the outcome of the well known forms 
of corrosion present in most crude units, 
coupled with the scheme of corrosion 
protection as provided originally. The 
major vessels were provided with com- 
plete alloy protection, and no additional 
installation of lining has been necessary. 
However, renewals and repairs to minor 
equipment have continually been a large 
maintenance cost. The main part of this 
cost is associated with low temperature 
equipment, where acid attack by hydro- 
gen chloride and hydrogen sulfide in 
aqueous solution has been severe. To a 
lesser extent repairs and renewals have 
also been caused by high temperature 
sulfur attack. The renewals resulting 
from low temperature acid corrosion be- 
came heavy in the first three years of 
operation, while only in recent years has 
high temperature sulfur attack become 
a serious concern. During this period, 
crudes charged to these units were mildly 
corrosive Illinois and Midcontinent types. 
In addition, corrosion has been intensi- 
fied by the high crude throughputs main- 
tained during most of these years. 

As a class, exchangers have been the 
highest maintenance cost item. Perhaps 
90% of the exchanger maintenance cost 
has resulted from corrosion and fouling 
occurring in the crude tower overhead 
exchangers and condensers. Seven Monel 
tube bundles have been installed (there 
are 16 shells in all), and a great many 
more bundles have been renewed with 
carbon steel or Admiralty tubes. Some 
retubing has been necessary in the naph- 
tha splitter condensers, reboilers and feed 
exchangers. Because of high-temperature 
sulfur attack, the steam generators have 
periodically required alloy and carbon 
steel renewals. : 

Furnace maintenance has been the 
second largest process equipment cost 
item. Both of the crude furnaces, which 
are vertical tube types, have required re- 
pairs and renewals to a similar extent. 
Tube renewals account for the major 
part of this cost, followed by repairs to 


Year Exchangers 


1952-53 Retubing of crude 
tower O.H.exch.and 
condenser bundles. 


Repairs to 
sheets. New 
tip hangers. 

1953-54 Increased retubing 
in crude tower O.H. 
system. Bundles ro- 
tated. | als. 


sulation and 


1954-55 Increased retubing 
in crude tower O.H. 
system. Some Mon- 


el installed. 


tubes and 


Retubing in crude 
twr. O.H. system 
about the same as 
in 1954—55. 


parts. 
ous repairs. 


Miscellaneous _ re- 
tubing with carbon 
steel and brass. of 
Repairs to conden- | 
ser shells. 


_ tube 
guides. 


| 
| 


Furnaces 


cone 
cone 


Repairs to cone in- | 
sup- | tioning-upset trays. 
ports. Tube renew- 


Heavy renewals of | } 

cone | r 
parts, Insul. & re- | 
refract. repairs. 


Decreased renewals | 
of tubes and cone 
Miscellane- 


Continuing tube re- Upset trays re- 
newals. Installation 
support 


KEY 
G - GENERAL 
E— EXCHANGERS ToTa 
F - FURNACES 
V- vessecs 
P- Pipe 


COST, THOUSANDS OF DOLLARS (UNADJUSTED 


ANNUAL 





1952-53) /953-54| 1954-55 | /955-56 |/956-57 


Figure 2—Total annual maintenance costs, Cleveland 
crude units. 


the reradiating cones and cone supports. 
The principal tube problems have been 
flame impingment, bowing and tube end 
erosion corrosion. 

Vessel maintenance consisted 
mostly of repairs to internals 
necessitated by deficiencies not connected 


has 
tower 


with corrosion. The provision of exten- 
sive alloying in the original design of 
the major towers has served to keep most 
of the vessels free of any serious corro- 
sion. 

Piping has been a minor maintenance 
item, averaging about 5% of the total 
maintenance cost. Through 1957, cor- 
rosion was serious only in the vacuum 
tower bottoms piping. More recently, 
some renewals of other high temperature 
service piping have been required, appar- 
ently as a result of mild sulfur attack 
all during the life of this equipment. 


Maintenance Cost Trends 

A useful byproduct of a maintenance 
cost-of-corrosion study is the opportunity 
provided to analyze trends. The main- 
tenance requirements have generally 


TABLE 9—Areas of Major Maintenance Cost (Process Equipment) 


| Vessels 


Piping 
acelin 
Expansion joint fail- 
ures on heater outlet 
lines. 


Repairs and reposi- 

tioning upset trays 
| 
| 


Repairs and reposi Minor renewals. 


Nipple replacement 
program. Minor pip 
ing renewals. 


Minor repairs and 
renewals. 


Piping renewed-acid 
attack and high temp. 
sulfur attack. 


Desalter bottoms 
lined. Tray repairs 
in crude tower. 

| 


Minor renewals, 
mostly due to high 


paired. Crude tower tl i 
temp. sulfur attack. 


trays braced up. 
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ier, alike for both crude units. Table 
) presents the major trends associated 
with corrosion for each class of process 
equipment. During the first two years of 
yperation, very few repairs because of 
~otrosion were necessary. During the 
hind and fourth years, heavy alloy re- 
wewals were made in the crude tower 
overhead systems and in the crude fur- 
races. Since that time, furnace tube 
renewals have continued, and more hot 
oil piping has been reaching the corro- 
jon limit. Repairs and renewals because 
of cooling water corrosion have been a 
major expense. 

The data in Figure 2 illustrate that 
the total maintenance cost can show a 
distinctly different trend from the cost of 
process equipment repairs and renewals. 
In general, the total maintenance cost 
tends to be a constant figure. This re- 
tionship arises from the practice of 
deferring non-urgent work, when the de- 
mands on facilities and manpower are 
heavy because of needed process equip- 
ment repairs and renewals. 

Trends forecasted two years ago based 
on the maintenance cost data presented 
here have generally been confirmed, as 
illustrated by the following examples: 

|, Exchanger bundle renewals were 
predicted to decrease over the subsequent 
three to five years and then remain 
at some minimum level, with alloy con- 
tinuing to be installed to meet severely 
corrosive conditions, (This has proved 
true so far, although no additional alloy 
has yet been required. ) 


2. Renewals of carbon steel furnace 
tubes were expected to increase for a 
time until the necessary alloying became 
completed. (Confirmed; some alloy re- 
newals will continue to be required. 


3. Piping was expected to become a 
major renewal cost, as carbon steel lines 
in hot oil services reached their limits. 
This trend has developed as expected; 
crude furnace outlet and transfer lines in 
both units have approached or reached 
their corrosion allowance limits. 

4. Littlke change in vessel corrosion 


maintenance was predicted. (Since that 
time no change has been observed. 


ESTIMATING 


Results of Maintenance Cost of 

Corrosion Study 

Corrosion costs make up varying por- 
tions of the repair and renewal costs and 
of the “general” costs. It would be time- 
consuming and laborious to calculate pre- 
cisely the corrosion fraction of each 
maintenance cost. Existing data break- 
downs are not well suited for the purpose 
of segregating corrosion costs. For these 
reasons, it was decided to use estimated 
corrosion cost percentages derived from 
a knowledge of the maintenance and 
corrosion history of the crude units. 

Table 10 gives the estimated cost fac- 
tors for exchangers, furnaces, vessels and 
piping. These factors have changed from 
year to year. Factors for “general” main- 
tenance costs were obtained by halving 
the overall equipment cost factor. The 
total annual corrosion cost yielded by 
these factors was then adjusted to 1957 
dollars. Based on a yearly average of 
18,100,000 barrels of crude run for both 
units, the corrosion portion of the aver- 
age maintenance cost was found to be 
0.96 cent per barrel of crude, or cur- 
rently about | cent per barrel. 


Corrosion Control Operating Costs 


Included under corrosion control oper- 
ating costs are the costs associated with 
the use of corrosion control chemicals. 
These chemicals include the ammonia 
and inhibitor used in the crude tower 
overhead systems and a portion of the 
chemicals used in treating cooling water. 

All of these costs were assembled from 
directly available data. Ammonia and in- 
hibitor costs were obtained from monthly 
records and represent conservative aver- 
ages. The corrosion control portion of 
the cooling water chemical treatment had 
been previously determined in a separate 
study. Table 11 summarizes the operating 
cost data. The total corrosion control 
operating cost amounts to 0.16 cent per 
barrel of crude. 


Actual Corrosion Costs 
While it has been stated that the scope 
of this study does not include developing 
an estimate of the cost of corrosion for 
the entire refining operation, the basic 


TABLE 10—Corrosion Portion of the Maintenance Cost, Cleveland Crude Units 


YEAR 
1956-57 


Group | | 1952-53 | 1953-54 | 1954-55 | 1955-56 

Furnaces [" Gauubactor %.. 0 80 90 | 70 70 
| Cost, $ | 0 40,000 77,000 | 18,000 31,000 
Vessels........] Cost Factor, % 10 | 20 | 75 50 | 20 
| Cost, $ 2,000 | 4,000 2,000 10,000 2,000 
Exchangers.....] Cost Factor, %...... 90 | 90 | 90 | 90 90 
Cost, $.... ne | 44,000 34,000 | 106,000 100,000 51,000 
Piping, . | Cost Factor, Cnn | 0 100 | 100 100 | 100 
| Cost, $ 0 1,000 | 12,000 | 10,CO00 6,000 
General | Cost Factor, %.... 27 | 37 | 45 40 | _ 40 
| Cost, $ 48,000 34,000 | 40,000 60,000 | 65,000 

ee | ; ; i 5 
TOTAL COSTS, $. 94,000 | 113,000 | 237,000 | 198,000 155,000 
TOTAL COSTS IN 1957 $.... s | 116,000 129,600 | 264,000 | 204,000 155,000 

| 





AVERAGE ANNUAL COST, 1952-57 (1957 $).... 
AVERAGE ANNUAL CRUDE RUN, BARRELS. .. 
AVERAGE MAINTENANCE CORROSION COST. 


$174,000 
salb Sinaia arenes 18,100,000 
0.96 cent per barrel (1957 $) 
1.0 cent per barrel (current) 
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costs can be converted to actual costs 
pertaining to crude units alone. Using 
the methods and assumptions described 
below, the total actual cost of corrosion 


was found to be 2.0 cents per barrel. 


|? Capital Cost of Corrosion Protection 


Depending on the method used, the 
basic total capital cost can be translated, 
by applying economic factors, into any 
of several values representing the actual 
cost of corrosion protection. For com- 
parison purposes an example is given 
here using a capital recovery method. 
Assuming sum-of-digits depreciation over 
10 years at a 10% worth of money rate 
and a 52% Federal Income Tax factor, 
the $500,870 base cost becomes an actual 
present-worth cost of $312,000. To bring 
the actual cost to a current dollar basis, 
an inflation factor of 1.5 results in a 
$468,000 actual cost in current dollars. 
This amounts to 0.19 cent per barrel of 
crude run, using the equipment corro- 
sion-protection life figures from ‘Table 


12. 


2. Maintenance Cost of Corrosion 

The 1 cent per barrel cost determined 
in this study reflects direct charges only. 
Assuming that labor represents 50% of 
this cost, overheads are included by 
applying a factor of 1.5 to the corrosion 
maintenance cost, giving 1.5 cents per 
barrel as the adjusted maintenance cor- 
rosion cost. 


3. Corrosion Control Operating Costs 

A fair estimate of the cost factor for 
overhead associated with chemical costs 
is 100%. This results in an adjusted 
corrosion control cost of 0.32 cent per 
barrel 

Conclusions 

The direct cost of corrosion for the 
Cleveland crude units was found to be 
1.36 cents per barrel. This cost includes 
corrosion costs associated with mainte- 
nance, the capital cost of built-in corro- 
sion protection and operating costs con- 
sisting mainly of corrosion control treat- 
ment. It does not include the cost of 
product volume or quality losses result- 
ing from unscheduled shutdowns, nor 
does it include losses due to equipment 
fouling. Overheads and capital cost fac- 
tors, assumed for illustration only, result 
in a total actual cost of 2.0 cents per 
barrel. 

The components which make up the 
1.36 cent per barrel figure are given in 
Table 12. The capital costs are based on 
$500,870 which in turn is broken down 
for an average crude throughput of 
18,100,000 barrels per year. The break- 
down of this cost by class of equipment 
is in turn modified by the estimated life 


TABLE 11—Corrosion-Control Operating 
Costs, Cleveland Crude Units 


| Cost, Cents per Barrel 


Chemical of Crude Run 
Ammonia.......... at 0.045 
ore ere 0.095 
Corrosion-control — por- 
tion of cooling water | 
treatment..... | 0.020 
toy | ee 0.160 
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TABLE 12—-Current 


Costs, 


Capita 


Item Life, Yrs. 


Exchangers 
Pumps 
Piping 
Chemicals 
General 


following proportions: 
eral, $0.55. 


of the corrosion protection for each class. 
The maintenance cost breakdown is an 
average from the data in Table 10, con- 
verted to current dollars. 

The largest single corrosion cost in 
these crude units has been repairs and 
retubing of exchangers. Furnace and 
vessel repairs are next in order. Chemi- 
cals consumed in cooling water treat- 
ment, ammonia and inhibitor are the 
fourth major corrosion-cost items. 

It appears that the detailed study 
method is the most practical route to 
an accurate appraisal of corrosion costs 
when this method incorporates some 
time-saving simplifications. With this ap- 
proach it has been learned that the 
actual corrosion costs for the Cleveland 
crude units have been lower than pre- 
vious estimates indicated. Also, the rela- 
tive magnitudes and importance of the 
various corrosion-cost components have 
been determined. It is anticipated that 


1 


0.09 2.53 


Base Cost of Corrosion 


Dollars per Thousand Barrels of Crude Run 


Main- 
tenance 
Cost* 


| 
Total | Percent 
Cost | of Total 


a 
Oper- | 

- ating 
Cost Cost 
2.62 

2.58 

5.43 

0.10 

0.68 

1.64 

0.58 


19.2 
19.0 
39.8 
0.7 
5.0 
12.0 
4.3 


1.05 
5.19 
0.10 
0.55 


1.53 
0.24 
0.004 
0.13 


0.58 


10.00 1.60 | 13.63 | 100.0 


| | 
| 


furnaces, $0.45; vessels, $0.80; exchangers, $1.00; pumps, $0.10; piping, $0.20; gen- 


some of the techniques evolved in this 
study may prove of value in future 
corrosion-cost studies. 


DISCUSSION 
Question by H. Howard Bennett, Mobil 

Oil Co., Paulsboro, New Jersey: 

Have you determined the percentage 
of your maintenance cost that results 
from inspection? This cost would include 
inspection labor, removal of insulation, 
opening of equipment, scaffolding, clean- 
ing, etc. 


Reply by Norris J. Landis: 

No inspection cost data were available, 
and no attempt was made to isolate this 
cost from the total labor cost. 


Question by A. S. Couper, Whiting, 
Indiana: 
Should a cost be applied for desalting? 


Any discussion of this article not published above 
will appear in June, 1961 issue. 


Vol. 16 


Reply by Norris J. Landis: 

We feel that a cost should be applied 
but that only a portion of the desalting 
cost normally should be attributed t, 
corrosion. A considerable part of this 
cost is identifiable with improvements jn 
the process, for example, better heat 
transfer and lower pressure drops. In this 
study, the corrosion portion of the desalt. 
ing cost was not specifically determined, 
An estimate of this cost would, in our 
case, be purely arbitrary and more likely 
to be misleading than meaningful. One 
reason is that we do not know what 
tangible benefit (if any) desalting is con. 
ferring in corrosion reduction. Process 
benefits probably are the main justif- 
cation for desalting in these crude units, 


Question by Joseph P. Picarazzi, Cities 
Service Refining Corp., Lake Charles, 
Louisiana: 

Exchanger maintenance costs were 
shown to be a high figure. Is alloy up- 
grading in exchangers counted a main- 
tenance cost? 


Reply by Norris J. Landis: 

Our feeling is that, for study purposes, 
any alloy upgrading involving no ad- 
ditional facilities is logically classified 
under maintenance cost. Accordingly, the 
Monel renewals in the crude tower over- 
head exchangers and condensers are con- 
sidered to be maintenance costs. 
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Cathodic Protection of Water Treatment Plants* 


Introduction 

AAN DIEGO’S Alvarado Filtration 
\) Plant was constructed 10 years ago 
with a capacity of 66 million gallons per 
day. The water detention time in the 
mixing basins at capacity flow is 46 
minutes, with a two-hour time period 
allowed in the settling basins. Eight fil- 
ters are found in the system, each of 
which has 1,933 square feet of surface 
with a filter rate of 3 gallons per square 
foot per minute. 

The plant is located 530 feet above sea 
level and allows gravity flow for the 
water leaving the plant. Complete chemi- 
cal treatment and laboratory facilities 
for water treatment, testing and control 
are provided. 

Although the plant was designed for 
66 million gallons per day, the average 
4 hour consumption in the summer will 
seldom fall below plant capacity, and the 
maximum is almost 100 million gallons 
per day. 

Severe corrosion was found in this 
plant in December, 1951. As a result 
an attempt was made to install cathodic 
protection. These early efforts failed 
primarily because of improper insulation 
of joints in the anode circuit and because 
of the method used to anchor the anodes 
to the basin walls. In December, 1952, 
half inch deep pits were found in the 
54-inch diameter steel drives. Cathodic 
protection was then installed and _ first 
started in March, 1953. 


Special Problems 


Many complex problems are found in 
any large plant and Alvarado is no ex- 


x Submitted for publication November 9, 1959. 
\ paper presented at a meeting of the Western 
Region, National Association of Corrosion Engi- 
py Bakersfield, California, Sept. 29-Oct. 1, 
999, 


Figure 1—Basins where cathodic protection was installed. 
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ception. This discussion will be limited 
to the corrosion difficulties in the chemi- 
cal treatment basins only. In addition to 
the ordinary minerals found in Colorado 
River Water, the metal in these basins 
comes in contact with quantities of chlo- 
rine, quick lime, ferric sulfate, carbon 
and soda ash. 

The water has a_ resistivity that 
changes during the year from 1,100 to 
about 1,800 ohm centimeters. There is a 
total of approximately 7,400 square feet 
of metal in the mixing basins and slightly 
more metal in the settling basins. 


Insulating Material 
To prevent the same failures that oc- 
curred in the original installation, a long 


Abstract 


Corrosion processes confronting water 
treatment plants are enumerated. Problems 
encountered in the installation, testing and 
operation of cathodic protection for rapid 
sand and pressure type filters are discussed. 
A six-year operating experience indicates 
the value of cathodic protection in both 
types of treatment plants. 5.2.1 


series of accelerated tests on insulating 
material were undertaken. 

The original installation ruled out the 
use of joints insulated with rubber and 
friction tape. Accelerated tests soon indi- 
cated the weakness in using mastic, 
grease, “plastic” tapes, or the brushed on 
rubber compounds. The test indicated 
that a combination of a first layer of rub- 
ber putty and a final layer of polyvinyl 
tape was superior to other insulating 
compounds. Minnesota Mining and 
Manufacturing Company’s Scotch-fil and 
Scotch No. 33 were used in the final in- 
stallations. 

Figure 1 shows the basins on which 
protection was installed. The upper por- 
tion of the picture shows the settling 
basin with the traveling chains. One 
chemical mixing basin is directly below. 
The drives and paddles can be seen in 
this portion of the picture. 

Calculations were made to determine 
the current output required to give 
various current densities for the metallic 
structures in each basin. Tests were then 
made with temporary stations which in- 
dicated that minimum _potential—0.85 
volt of the steel with respect to a copper 
sulfate electrode could be obtained with 
4 milliamperes current density per 
square foot of steel surface. 

Permanent installations made 
with the rectifier unit located in the con- 
trol houses. One house is shown in the 
upper center of Figure 1. 

A total of 8 cathodic protection sta- 


were 


Figure 2—-Mounting of graphite anodes. 
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Figure 3—Potential of steel in mixing basin with respect to water. Note: Cathodic protection station 
operating 8.2 volts at 21.2 amperes. All readings negative to copper sulfate half cell. 


tions were used with an average output 
per station of 18 amperes at 8 volts. 

Two inch x 72 inch graphite anodes 
were mounted as shown in Figure 2. The 
anodes, 248 of them, were anchored to 
the concrete walls by means of 4 x 4 
redwood supports. The redwood was 
notched to allow the anodes to fit be- 
tween the wood and the concrete wall. 
The figure shows a close up of two 
adjacent anodes and two of the connec- 
tions. 

Tests made during the first year of 
operation indicated that the steel in the 
mixing basins and the drives in the 
settling basins were satisfactorily pro- 
tected, but the moving chains were not 
adequately protected. 

Officials of other filtration plants had 
concluded that it was more economical 
to recoat the moving chains than to in- 
stall magnesium anodes. 

At this point an economic study indi- 
cated that the yearly cost of coating the 
13,200 lineal feet of chain would be 
$1,800.00. The total cost of installing one 
1.3 inch diameter x 4 feet, magnesium 
anode on each of the 660 redwood 
scrapers was estimated to be $4,600.00. 
With a three year life expectancy this 
would give a yearly cost of just over 
$1,500.00. Larger anodes or multiples of 
the 1.3 inch rods would spiral the cost 
upward. 

Analysis of the test data showed that 
with rectifiers protecting the drives at 
the ends of each basin, only very little 
current was required to adequately in- 
crease the protection. Tests conducted 
over a one year period had indicated 
that one 1.3 inch x 4 foot rod would be 
sufficient to adequately increase this pro- 
tection. Without resistors in the circuit, 
larger anodes or multiples of the 1.3 inch 
suffered accelerated attack and would 
not materially increase the life expect- 
ancy beyond three years. 

Installation of resistors would pose a 
complicated insulation problem and offer 
greater possibilities of anode circuit fail- 
ure. It was therefore decided to install a 
single rod without resistors. 

Anode installation was both rapid and 
economical. Lead cables were attached 
on a production line basis by using cen- 
ter attachment points; it was necessary 
to drill and tap only once for each 
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anode. Using this method the total 
length of wire required could be reduced 
and the connection would be at the point 
of minimum anode deterioration. By con- 
necting to the center a single length of 
No. 12 TW wire could be used to form 
two lead wires. Again with proper pre- 
caution the bare wire and the machine 
screw head was fitted into a counter 
sunk hole. Then to form an insulated 
lead it was only necessary to fill the holes 
with resin. 

At the job site the anodes were cen- 
tered on each individual scraper and 
secured by means of three single hole 
cast steel 1 inch pipe straps. One pipe 
strap was placed 4 inches from each 
anode end. As an added protection the 
wire connection was taped. The third 
strap was secured directly over the wire- 
anode connection. 

The electrical circuit was then com- 
pleted by connecting one of the anode 
lead wires underneath one of the bolts 
holding the scraper to each of the chains 
forming the pairs. 


Routine Operating Tests 

Routine semi-yearly operating poten- 
tial surveys have been made since pro- 
tection was installed. At first it was be- 
lieved necessary to contact the steel shaft 
with a probe connected to a pole on 
which a copper sulfate electrode had 
been mounted, Accurate results were 
difficult to obtain and required a good 
deal of skill, both in contacting the shaft 
and interpreting the results. It was ex- 
tremely difficult to contact a 5-inch 
shaft under eight feet of water. With 
poor probe contacts erroneous results 
would be obtained. Needless to say, such 
tests were time consuming. 

At present, contacts are made to the 
shafts in both the mixing and settling 
basins through permanently anchored oil 
lines. The copper sulfate cell is at- 
tached to a pole or 1 inch plastic pipe 
and can readily be moved along the 
length of the shaft. If great accuracy is 
desired, the electrode is positioned three 
inches from the shaft. Readings taken 
with the electrode, within two feet of the 
shaft, will be fairly accurate and can be 
duplicated on the next series of readings. 
This position is the one most frequently 
used for testing. 
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Figure 3 shows a set of readings made 
over the drives in one mixing basin, The 
potentials are plotted as though the 
drives were continuous. Actually there 
were four separate drives. However, this 
system of plotting shows on one curye 
all values obtained. The minimum Value 
obtained in this survey was one volt and 
the maximum was 1.46 volts, The upper 
curve shows station “off” readings and 
will assist in showing the amount of pro- 
tection obtained. 

The curves for the driveshafts in the 
settling basins are similar to those in the 
mixing basin. The drive chains in the 
settling basins are quite a different prob. 
lem to test. Each chain is 660 lineal feet 
in length and there are a total of 20 
chains in both basins. Each pair of chains 
carries redwood scrapers that push the 
sludge precipitated by the water treat. 
ment process into a disposal area. Two 
hours are required for a complete revolu- 
tion. 

Potential surveys are run over these 
chains once each year. The water js 
lowered in one basin at a time toa depth 
low enough to allow personnel to walk 
on the top deck, but high enough to 
cover the chains and anodes. It is a 
simple matter to use a probe and stab 
the chain at any desired location. In 
these tests the half cell is always posi- 
tioned three inches above the chains. 

Potential profile curves are obtained 
and indicate the minimum reading of 
about—0.85. The potential gradually in- 
creases as the chains come under the in- 
fluence of the other magnesium anodes. 
An entire profile requires that the chain 
be turned twice and requires about eight 
hours test time per basin, This would be 
of little if any help in interpretation of 
results. Readings are usually taken on 
only the top deck and represent about 
VY, of each chain. 

In addition to the semi-yearly surveys, 
plant maintenance men record the sta- 
tion output twice each month. These 
readings are inspected by the corrosion 
engineer and would indicate any neces- 
sity for corrosion control personnel to 
make additional tests or repairs. 


Operating Experience 


Experience gained over a_ six-year 


period indicates: 


1. The cathodic protection has elimi- 
nated all corrosion. 


2. The Scotch Fil and polyvinyl tape 
are excellent insulating materials. They 
are not as satisfactory as some of the 
thermal settling materials but much more 
economical. Their use will be continued. 


3. The redwood supports are the 
source of greatest trouble. Each time 4 
basin is emptied it is necessary to Te 
anchor one or two supports to the con 
crete, and the life of the graphite anodes 
has been very poor. Although the output 
per anode is only about half an ampere, 
approximately half of them are replaced 
each three years. The explanation for 
the poor life of the graphite could be 
the redwood anchors. With these al 
chors only about half the anode is e 
posed to the electrolyte. It is possible 
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CATHODIC PROTECTION OF WATER TREATMENT PLANTS 


FINE SAND 


COARSE SAND 


GRADED GRAVEL 


Figure 4—Horizontal type pressure filter. 


that all the current leaves the anode on 
the top half, thus allowing premature 
failures. 

4, The 1.3 inch x 4 foot magnesium 
anodes connected to each flight will stop 
corrosion of the traveling chains; how- 
eer, only a three year life can be ex- 
pected. Using 17 Ib. anodes or multiples 
of the 1.3 inch diameter anodes on each 
fight does not materially increase the 
life. 

5, Spring contactors are not required 
tomake cathode connections to the rotat- 
ing drives. The connections can be made 
to the ange bolts and the bearings will 
make satisfactory contact to the drives. 

6. The concrete reinforcing steel will 
receive some protection from the stations 
and in the case of the weirs, Figure 1 
above, the potential of the steel is—0.85 
volt or more. 


Pressure Type Filters 

History 

For many years the City of San Diego 
Water Department used pressure type 
filters for water treatment. The depart- 
ment still operates two of these plants 
and acts as advisor to a department that 
operates a third. 


Each filter consists of an 8 foot dia- 
meter by 20-foot long steel shell with an 
approximately 600 square foot surface 
area, The water enters through the top 
and passes through various grades of 
und and gravel to collector pipes lying 
laterally to the main effluent line. When 
the filters become clogged with silt, they 
are backwashed by reversing the direc- 
tion of water flow until the silt passes 
into. a disposal line. Figure 4 shows a cut- 
away diagram of one filter. 

Very early efforts by the department 
at corrosion prevention in these filters 
provide the author with much valuable 
information. These early attempts 
thowed graphically some of the things 
that could not be accomplished. For ex- 
ample neither coal tar enamel nor vinyl 
paint could withstand the abrasion of the 
sind during backwashing the filters. 

Impressed current cathodic protection 
ystems were tried with the belief that 
lowing water would depolarize the steel. 
With that principle as a guide, a current 
density of 15 milliamperes per square 
foot was supplied. The net result was 
that the steel did not corrode, but cal- 
“um was precipitated from the water 
into the sand and gravel. After 6 months 


operation it was necessary to use pneu- 
matic chisels to break up a solid con- 
crete block that covered the entire lower 
half of 7 individual filters. 


The Problem 


The problem then was one of eliminat- 
ing corrosion without causing calcium to 
precipitate in quantities that would seal 
the filter sand. It was necessary to ac- 
complish this without the use of bitumin- 
ous or paint coatings. 


Preliminary Tests 

Scale models were made of the filters 
and laboratory tests conducted to deter- 
mine the potential at which the steel 
could be protected and still not precipi- 
tate calcium into the filter sand. 

The actual operating conditions were 
simulated as nearly as_ possible. The 
water was circulated with a detention 
time of approximately 20 minutes. Actual 
filter sand was used. 

The tests were started with the mini- 
mum potential of the steel with respect 
to a copper sulfate cell adjusted to—0.65 
volts. This potential was 0.1 volt lower 
than with no protection and was main- 
tained for two weeks. Measurements were 
made daily, and as was expected showed 
that corrosion occurred at several loca- 
tions. The potential was dropped in 0.1 
volt units and the tests repeated for two 
week periods until a potential of —3 
volts was reached. 

Under the conditions of these tests, 
corrosion ceased at a minimum potential 
of—1.1 volts with respect to a copper 
sulfate electrode. Calcium started to 
precipitate from the water at —1.8 volts. 


Installation 


Figure 5 shows the installation of 
anodes. Two 3 inch x 60 inch graphite 
anodes were used in each filter. The first 
installations were made with the two 
anodes lying on the filter sand without 
anchors. The installation proved unsatis- 
factory because the backwashing would 
float the anodes and cause them to move. 
They would either “short” against the 
shell or be near the shell, thus producing 
a potential which would precipitate cal- 
cium carbonate. 

“Point” anodes consisting of 1% inch 
x 1 inch lengths of platinum coated 
tantalum or groups of 1 inch by 12 inch 
silicon iron anodes mounted either per- 
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Figure 5—Anode mounting used for protection of Torrey Pines filter plant. 


pendicularly or along the length of the 
shell were quickly eliminated because of 
the driving voltage required. 

The final installations then were made 
as shown in the Figure 5. These ar- 
rangements have proven relatively suc- 
cessful. 


Routine Tests 

The standard potential profile read- 
ings as discussed elsewhere in this paper 
are taken twice yearly. 

Several different methods of obtaining 
measurements have failed for one reason 
or the other. It is impossible to force a 
copper sulfate cell through the sand and 
gravel to obtain readings in the bottom 
of the filter. 

An attempt was made to anchor rusty 
iron electrodes in the gravel so _ that 
measurements could be made to obtain a 
potential change. This failed because: 

1) the gravel or backwashing forced the 
electrodes to move, and (2) backwashing 
would break the insulation if the wires 
were anchored, or bury the lead wires if 
not anchored. 

At present 6 readings are obtained be- 
tween a copper sulfate electrode and the 
filter shell. The readings are distributed 
around the filter shell and taken in the 
water above the sand. At best these read- 
ings are only an indication and do not 
represent actual operating conditions, be- 
cause it is necessary to cease operations 
and open the filter. 

The visual inspection made during 
each test is probably as helpful as the 
potential readings because it indicates a 
calcium buildup or corrosion at the top 
of each filter. 


Operating Experience 
Operating experience indicates the 
following: 


1. Cathodic protection is the most de- 
sirable method of protecting the inside 
of pressure filters. 


2. The known procedures for testing, 
available anodes, and methods for 
mounting anodes are only relatively satis- 
factory. 

3. Overprotection can cause very rapid 
calcification of the filter gravel and in 
the waters from this area can completely 
“cement” the gravel to a point that pneu- 
matic chisels are needed during repairs. 


4, Where filters are operated in banks, 
variable resistors must be employed in 
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-each filter circuit so that the desired 
potential can be obtained for each filter. 

5. Anode Failures and experimental 
data indicate that minimum potentials 
of —0.85 volts can be obtained in one 
filter of a bank of several if that filter is 
connected to the cathode circuit but does 
not contain anodes. There is no explana- 
tion for these data. They do not agree 
with accepted theory, nor can the author 
explain them. This condition existed in 
two filters in a bank of 26 for a period 


of 3 months. After that time repairs were 
made and no further tests on that con- 
dition have been attempted. 


Summary and Conclusions 

The moving drives and chains in the 
chemical mixing and settling basins of 
rapid sand filtration plants can be ade- 
quately ‘cathodically protected. This 
method of protection is more economical 
and easier to maintain than adequate 
coatings. 


Any discussion of this article not published above 


will appear in June, 1961 issue, 


ENGINEERS 


Vol, 16 


Cathodic protection is believed to be 
the most satisfactory method for pro- 
tecting pressure filters. However, better 
test methods and equipment are needed, 
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Zinc as a Self-Regulating Galvanic Anode 
For Ship Hulls* 


Advantages of Zinc Anode Systems 

OR NEARLY 150 years “‘zincs” have 

been used as galvanic anodes bolted 
or welded directly to ship hulls. During 
the last 10-15 years these zincs have 
begun to be replaced by controlled mag- 
nesium galvanic anodes and the many 
types of impressed current anodes. Not- 
withstanding the usefulness of these later 
anodes, the uncontroled galvanic zinc 
anodes possess two outstanding technical 
advantages, namely: 


|. The anodes are self-regulating, 

which means that they can be fastened 
directly to the hull and thereafter re- 
quire no attention. 


9. Excellent current distribution can 
be obtained by locating anodes close to 
the various high cathode demand areas 
on the ship. 

The good self-regulating feature of the 
current output of zinc anodes on a steel 
hull results from the ability of these 
anodes to: 

a) adjust their current output auto- 
matically to a wide range of current 
demands such as encountered on many 
RCN ships, and (b) automatically shut 
off the current before the “potential”* 
of the hull reaches the level where hydro- 
gn gas is given off with subsequent 
damage to the hull paint. Both of these 
features are illustrated in Table 1 and 
are the direct result of the potential of 
anc at 1.05 volts being conveniently 
below the 1.1-1.2 volt hydrogen evolution 
potential for steel, and at the same time 
being sufficiently above the 0.8 volt “pro- 
tected” potential for a steel hull to pro- 
vide practical current outputs. 


Current distribution is, of course, de- 
pendent not on anode material but on 
the shape, arrangement and location of 
the anodes. The most effective current 
distribution is obtained when anodes are 
located near all the high demand areas 
0 that there is full 
higher current densities associated with 
# Submitted for publication October 13, 1959. 

This report also has appeared as Report 13, 


Defence Research Board, Pacific Naval Labora- 
tory, Esquimalt, B. C., August, 1959. 


utilization of the 


All potentials measured against and negative to 
a silver-silver chloride reference electrode. 
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proximity to the anodes. With the self- 
regulating type of galvanic anodes there 
is generally no problem in_ locating 
anodes close to the various areas of high 
current demand on the hull; (eg., the 
rudders, propellers and adjacent stern 
area, the amidships waterline area, main 
sea suctions and outlets, etc.) Locating 
the externally controlled type of anodes 
near all these areas would be both com- 
plex and costly. 


Recent Developments On The Effect Of 
Composition On Zinc Anode 
Performance 


In the past, “zincs” on ships some- 
times failed because of poor installation 
procedures. More often however, the 
failure was due to the tendency of the 
impure zinc to stifle itself with dense 
adherent films of corrosion products. It 
was not uncommon on docking a ship 
to find a zinc unattacked, yet the steel 
stud and nut fastening it would be prac- 
tically rusted away. The failure of zincs 
to provide lasting protection to the hulls 
of RCN ships was reported by Bar- 
nard.,1:2 

During the past 15 years a consider- 


TABLE 1—Current Output of Self-Regulating Zinc & Magnesium Anode Systems In 
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1.00. . f ‘ 0.05 
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* . 3 - . 
i Anode systems designed to produce 5 milliamperes current per square foot of underwater hull at a 
hull potential of 0.80 \ olts. 


Relation To Hull Potential 


Driving EMF (Volts) | 


Hull Current Density* 
MA/sq. Ft.) 


Zinc Magnesium 








Magnesium 
0.5 0 
0.55 1 . 
0.65 3 4.3 
0.75 5 5.0 
0.85 7 5.7 
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Abstract 


This report presents results of service trials 
of up to three years duration for high 
purity and alloyed zinc hull anodes. The 
trials demonstrated that zinc anodes of 
suitable composition are capable of pro- 
viding complete cathodic protection for 
ship hulls for extended periods in sea 
water. The current output of alloyed 
anodes (0.3% aluminum or 0.1% aluminum 

+ 0.05% cadmium) is reliable and pre- 
dictable because these materials do not 
polarize with time. 

Zinc hull anodes of suitable design can 
have useful current outputs for periods of 
eight to ten years in sea water. Bolting is 
a satisfactory method of fastening zinc 
anodes to a ship’s hull. Zine anodes cause 
little or no accelerated break-down of the 
adjacent hull paint. 

a he two outstanding advantages of the 
zinc anode systems namely, self-regulation 
and improved current distribution, are 
available at a competitive price. Compared 
to the cheapest of the controlled type sys- 
tems, whether of the galvanic or impressed 
voltage type, the zinc anode system at 13 
cents per sq. ft. per year costs: (a) slightly 
more for large wetted hull areas of around 
00,000 sq. ft., (b) slightly less for hull 
areas of around 15,000 sq. ft. and (c) 
markedly less for smaller hull areas. 

Recommendations are made for: (1) The 
more widespread use of zinc anodes for 
cathodic protection systems both on and in 
ships. (2) The use of high purity (ASTM 
Special High Grade) zinc alloyed with 
either aluminum, or aluminum plus cad- 
mium, as the standard zinc anode material 


for all sea water applications. 5.2.2 


able amount of research has been direct- 
ed towards the improvement of zinc 
anode performance by increasing anode 
purity and by alloying. The develop- 
ments to-date are reviewed below. 

In 1946 Clark* and Haas* found that 
iron over 0.01 percent caused anode 
stifling, that lead, tin and cadmium in 
amounts up to | percent had little ef- 
fect, and that aluminum additions im- 
proved anode current output. May, 
Shuldiner and Burbank® recommended 
in 1948 that the iron content of the zinc 
used for galvanic anodes should be kept 
below 0.002 percent. 

A further reduction to 0.0014 percent 
for the maximum concentration of iron 
was indicated by research sponsored by 
the American Zinc Institute at Harbour 
Island?>8:2 and this limit was included in 
a U. S. Military Specification® for zinc 
anodes in April 1954. This indicated 
maximum was confirmed in April 1955 
by Anderson and Teel,!° who also found 
that with the addition of 0.11 percent 
aluminum, anodes containing as much 
as 0.033 percent iron maintained a cur- 
rent output equal to that from the un- 
alloyed zinc with 0.0014 percent iron. 

In Britain, Crennell and Wheeler” in- 
dependently confirmed in October 1956 
that the iron in zinc should be kept be- 
low a few parts per million and _ that 
additions of up to 1 percent aluminum 
counteracted the film forming effects of 
iron at as high a level as 0.02 percent. 

That zinc anodes could provide long 
term protection to ship’s hulls was dem- 
onstrated by Tytell and Preiser,’ who 
in November 1956 reported that a high 
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Figure 1—Active and inactive zincs from the same 
ship. The active anode at the top is No. 3 in Table 
2; inactive anode on the bottom is No. 6. 


purity-low-iron zine (99.99 percent zinc 
with iron less than .0014 percent) anode 
system had given complete protection to 
the hull of a tug for 16 months. In May 
1959 they reported that this tug had been 
fully protected for an additional two 
years by the original anodes.!* 

In June 1957, Reichard and Lennox! 
reported that in ship and jetty tests, high 
purity zinc with the iron reduced to 
0.0002 percent gave considerably higher 
current outputs than anodes containing 
the Military Specification MIL-A-18001 
maximum of 0.0014 percent, but they 
also pointed out that it was difficult to 
keep the iron as low as 0.0002 percent in 
commercial anode production. They 
found that the addition of 0.1 percent 
aluminum plus 0.05 percent cadmium to 
ASTM Special High Grade zinc pro- 
duced an anode with a consistently higher 
current output and smoother corrosion 
pattern than either the unalloyed high 
purity zinc with 0.0002 percent iron or 
the high purity zinc alloyed with single 
additions of 1.0 percent aluminum, 0.1 
percent aluminum, or 0.05 percent cad- 
mium. 


PNL Investigations 

At the Pacific Naval Laboratory in- 
terest in zinc as a galvanic anode was 
aroused in 1952 when three RCN ships 
fitted with the then standard “zincs,” 
showed complete protection from corro- 
sion for periods up to one year. Not all 
of the zincs had remained active (see 
Figure 1). Spectrographic analyses (see 
Table 2) indicated the possibility that 
the inactiviating effect was related to the 
iron content rather than to the overall 
purity. 

At the time when it was becoming 
evident that the activity of zinc anodes 
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UNDERWATER HULL AREA 

AREA OF BRONZE PROPELLOR 

WL FANT Sis Se — =: - 
ANODE TYPE 


TOTAL NO OF ANODES FITTED 


3000 SQ. FT. 

40 SQ. FT. 

VINYL 

MK I-ASTM SPECIAL HIGH GRADE iA 
ZINC WITH IRON LESS THAN .0014% 


Figure 2—-Zinc anode arrangement on large tug. 


was critically dependent on iron content, 
it was decided at PNL that service trials 
should be undertaken to confirm the reli- 
ability of the unalloyed high purity-low 
iron zinc. These trials were followed by 
a series of laboratory investigations!® car- 
ried out jointly with the Research Divi- 
sion of the Consolidated Mining and 
Smelting Co. of Canada Ltd. In the 
laboratory, the superiority of the alloyed 
zinc was demonstrated and further serv- 
ice trials were undertaken with two of 
the most promising alloys. The results of 
all of the service trials form the main 
subject matter of this report. 

Details of the high purity-low iron 
anode installations on the RCN tug and 
RCMP Patrol Vessel are shown in Fig- 
ures 2 and 3. The anodes were designed 
at PNL. 

Details of the alloyed zinc anode in- 
stallation on the minesweeper are shown 
in Figures 4, 5 and 6. The flattened 
rectangular anode section and cast alu- 
minum alloy inserts (the original PNL 
design had fabricated galvanized steel in- 
serts) were modifications introduced by 
the Research Division of the Consoli- 
dated Mining and Smelting Co. of 
Canada. The rectangular anode section 
made casting easier. The cast aluminum 
insert was not only more economical but 
also avoided problems of anode distortion 
due to the unequal coefficients of expan- 
sion of anode and insert. 


Results 


High Purity-Low Iron Zinc Anodes 

On Large Tug 

The “hull potential” record for this 
tug for the three year period ending in 


TABLE 2—Composition vs Activity of Ships’ “Zincs’’ 


Percent Chemically 
Determined 
Activity ————,— - - 
Zinc No. of Zinc Lead | Cadmium 
Active 0.28 
Active 0.23 
Active 0.27 
Active 0.15 0.021 
Active 0.13 0.023 
Inactive 0.02 0.002 
Inactive 0.01 0.004 


SID Ore Co bo 


* ND—not detected. 
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Silicon | ganese | nesium! Copper | Iron 


Percent 
Spectrographically Determined 
Man- Mag- | Percent 
Purity 
99.6 
99.7 
99.6 
99.8 
99.8 
99.9 
99.9 


ND 
0.0005 
ND 
ND 
ND 
ND 


ND 
ND 


ND* 
ND 
ND 


ND 
ND 

| ND 

| ND 

| ND 

| ND | 

| 0.0005 | S-005 


<.002 
0.001 
0.001 
0.001 
0.001 
| 0.001 
<.002 


| 


February 1959 is shown in Figure 7, 
During this time the tug was docked 
twice. It was “sandwashed” and fr. 
painted in February 1957 and sandblasted 
and repainted in June 1958. 

The hull potential record had indi- 
cated complete protection during the 
period prior to February 1957 and the 
absence of corrosion was confirmed at 
that docking. In spite of the low poten. 
tial periods encountered between the 1957 
and 1958 drydockings, no corrosion was 
found in June 1958. 

As shown by Figures 8 and 9 respec: 
tively, at both the 1957 and 1958 dock 
ings the anode consumption was very 
non-uniform, ranging from 0 to 10 per 
cent in 1957 and 2 to 30 percent in 
1958. These figures also show the very 
uneven attack on individual anodes. 

At both drydockings the anodes were 
completely covered with a layer of cor 
rosion products. On the active areas of 
the anode this layer was soft and easily 
brushed off, but on the inactive areas it 
was hard and tenacious. 

At the 1957 drydocking the port anodes 
were sandblasted, while on the starboard 
anodes the corrosion product films were 
left intact. This resulted in a markedly 
higher rate of consumption of the port 
anodes (by June 1958), namely 20-25 
percent compared to the starboard aver- 
age of 15-20 percent. 

At the June 1958 docking a number 
of anodes were removed for. a check on 
weight losses and iron content. These te- 
sults are given in Table 3 and clearly 
show the inactivating effects of iron, even 
at concentrations below 0.0014 percent. 


TABLE 3—Weight Loss vs Iron Content Of 
High Purity Zinc Anodes From Large Tug 


| 

Wt. Loss 
| In Percent 
of Orig. 
48 Lbs. 


14 29 
13 27 0.0003 
10 ‘ 0.0005 
8 0.0006 
6 : 0.0013 
‘ 0.0023 


Iron 
Content, 
Percent 
|___ oa aeeabis 


0.0006 


Wt. Loss | 
In Lbs. | 
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Figure 3—Zinc anode arrangement on RCMP patrol vessel. 


Figure 5—Zine anode arrangement on minesweeper. 
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Figure 4—Method of mounting MK III zine anode. 
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dock- High Purity-Low Iron Zinc Anodes On 

very RCMP Patrol Vessel 

per- Figure 10 shows the hull potential 

nt in rcord for this vessel for the two year Sait: tic i emily a cell loa eaten 


ver) 


period ending in February 1959. During 
this period the vessel was docked twice. 
In January 1958 bare spots on the hull 


Just as on the tug, all anode surfaces 


anodes with the exception of those at the 


were 
cor- wre “touched up” and in October of — showed corrosion product films. stern. The stern anodes had lost about 
as of § *(esame year the hull was “sandwashed 7 percent of their weight in the nine 


rasily 
‘as it 


10des 


oard 


ad repainted. The potential record indi- 
ates complete protection for the “at 
rt” and “underway” condition over 
ist of this time. There were, unfor- 
nately, some very long periods (up to 


Alloyed Zinc Anodes on Minesweeper 
The hull potential record for this ship 
for the year ending in January 1959 is 
shown in Figure 12. As expected from 
the high readings there was no hull cor- 


month period. The active surfaces of the 
anodes were generally more evenly con- 
sumed than on the unalloyed anodes 
compare Figure 13 with Figure 9), the 
0.1 percent aluminum plus 0.05 cadmium 


ies + months during which hull potentials socion at the November 1958 docking. alloy anodes showing the smoother sur- 
cedly eg nen hese undocumented At that time the hull was “sandwashed” faces of the two alloys. However, with 

‘ De ay avy, > > »n- ° atariale isin ae ¢ “2 
pe fey tvs hen Tower poten, an pied. ve bain thereon pronounce 
1().95 a =a : ; The consumption rate was quite uni- tendency for only the top surface of the 
aay. anode to corrode. This effect was most 


aver- 


nber 
k on 
p re 
early 
even 
it. 


wth the January and October 1958 dock- 
ig, This corrosion took the form of a 
sht film of rust at some of the bare 
areas and pitting on the rudders, A- 
rackets and hull above the propellors. 
lhe maximum depth of this pitting at 
the October docking was around 0.02 
ches, but there was no way of telling 
iow much of this penetration had oc- 
uted since the anodes were fitted. 

At the January docking the anodes 
were found to have been consumed most 
inevenly. By October, however, the 
node surfaces had become much more 
‘ven as shown in Figure 11. The con- 
‘umption from anode to anode was quite 
inform (with the exception of those at 
the stern) at around 10 percent for the 
-! month period. The four stern anodes, 
ting much closer to highly cathodic 
‘teas, and more widely separated, showed 
‘consumption almost twice as great as 


the rest. 


form from anode to anode and about the 
same for both alloys (see Figure 13), 
being around 5 percent for all of the 


pronounced with the 0.3 percent alumi- 
num alloy where the anode edges were 


TABLE 4—Estimated Cathode Current Densities 


Av. Anode 
Consumption 
Between Dry- | 
Dockings At 
Period (Percent) 


Feb/56 to 7 0.89 
Feb/57 | 


Feb/57 to 
June/58 


Jan/57 to 
Jan/58 


PATROL 
VESSEL 


Jan/58 to 
Oct /58 


Feb/58 to 
Nov/58 


MINE- 
SWEEPER 


Average Hull 
Potential (Volts) 


Rest 


0.84 
0.95 
0.92 


0.98 


Av. Est. Actual 
Cathode Current | 
Density | 
(MA/Sq. Ft.) | 


Ratio of 
Actual 
Current 
At Output to 
Rest | Underway Theoretical 


3.2 0.55 


Underway 


0.81 2.2 
3.0 ; 0.60 

1.8 3. 0.70 

0.65 


0.90 
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Figure 8—Non-uniform consumption of MK | high purity-low iron zinc anodes 
after one year on tug. The anode in center of picture was practically un- cl 


consumed. Note also the uneven attack of individual anodes. 


actually sharp. There was a good indi- 
cation that this preferential attack was 
partly due to paint “overspray” on the 
sides of the anodes but this paint could 
not account for the total eifect. The 
cause of the preferential top surface at- 
tack is being investigated further. 

Both alloys showed thin soft corrosion 
product films on the active surfaces. 


Discussion 

The principal object of these trials was 
to confirm that zinc anode systems are 
practical for the cathodic protection of 
ship hulls. The evaluation of the per- 
formance of the anode systems was based 
on: 

1. The ability of the anodes to reach 
and maintain their design current output. 

2. The suitability of the anode geome- 
try, arrangement and method of fasten- 
ing. 

3. The avoidance of unwanted second- 
ary effects such as excessive stripping of 
paints near‘the anodes. 

4. The cost in comparison to other types 
of cathodic protection systems. 


Current Output 

Table 4 gives actual cathode current 
densities estimated from anode weight 
losses and average “hull potentials.” The 
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Figure 7—Hull potential record for large tug. 
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Figure 9—Non-uniform consumption of the MK | high purity-low iron zinc 
anodes after two years on the tug. Note uneven attack on individual anodes, 
The upper anode is No. 2 and the lower anode No. 6 in Table 3. Slices have 


been taken from the ends of the anodes for analytical purposes. 
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Figure 10—Hull potential record for RCMP patrol vessel. 





Figure 11—More even consumption of MK I high = iron zinc anode after 20 months on patrol 
vessel. 


estimates take into consideration the pro- 
portion of time for the “underway” and 
“at rest” conditions. Anode efficiency was 
taken as 95 percent.1® Theoretical cur- 
rent outputs were based on the measured 
average hull potentials and calculated 
sea path resistances. 

Note the low ratio of actual to theo- 
retical current output for the unalloyed 
high purity-low iron anodes on the tug 
and the patrol vessel. That the anode 
output was reduced primarily by the 
polarizing effect of the corrosion product 


layer was supported by the following 


data: 


1. This material showed a significant 
increase in anode polarization (70 milli- 
volts) in two months at similar current 
densities in laboratory trials! and con- 
tinued to polarize at a reducing rate 
thereafter. 


2. The removal by sandblasting of the 
corrosion product layer from the por 
anodes, enabled them to put out, In the 
succeeding 16 months, almost 50 percent 
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Figure 12—Hull potential record for minesweeper. 


more current than the uncleaned star- 
board anodes. 

In comparison, the alloyed anodes on 
the minesweeper produced an estimated 
() percent of their theoretical output. 
The slight reduction from the theoretical 
output in this case can be attributed to 
the reduced active surface area where 
uly the top surface of the anode was 
producing current. Further data support- 
ing the conclusion that there was no in- 
cease in anode polarization with the 


alloyed materials was: 


1. These same materials showed a 
uegligible increase in anode polarization 
n several months at similar anode cur- 
rent densities in laboratory tests.!° 


There was practically no reduction 
in the potential of the minesweeper dur- 
ng a full year’s operation. There are 
other possible explanations for this steady 
potential but the most probable one is 
that the anodes did not polarize and at 
the same time the current requirements 
did not increase. The latter part of this 
conclusion was given support by the ob- 
srvation that the amount of paint strip- 
ping at the November, 1958 drydocking 
Was quite minor. 

This freedom from increasing anode 
plarization means that the current out- 
put of the alloyed anodes can be reliably 
predicted at any time. 


Anode Shape, Arrangement and 
Method of Attachment 


The shape of the anodes, the method 
of arranging them on the hull and the 
method of attachment were chosen for: 


1, Maximum current output consistent 
with long anode life. (long anode life to 
reduce labor costs and make the useful 
life of the anodes rel: tive ly independent 
f drydocking schedules) 


2. Maximum simplicity of installation 
4 nd replacement. 
life anode 
more 


the 


To get a long anode 


maximum current output 


‘onsistent with long anode life was ob- 


Figure 13—Alloyed zinc anodes after 15 months on minesweeper. 
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Note that 


the anode consumption is more even than that shown in Figures 9 and 11. 
Also note the non-rounded edges on the anodes. 


tained by making the anodes long com- 
pared to their section dimensions. Be- 
cause of the overriding effect of length, 
long anodes (or anode arrays) show the 
least difference in current output be- 
tween the new and the used conditions. 

With regard to the method of fastening 
the anodes, the reason most often given 
for the use of weld-on type zinc anodes 


is that the welding guarantees a good 
metallic connection. This is true, but in 
the author’s experience, both in these 


trials and from observations of the bolt- 
on plate type “zincs” used in the past, 
bolted fastenings provide adequate metal- 
lic contact, particularly where the anode 
is secured by means of an integral insert 
of a less active metal. 

The bolt-on anodes have the following 
advantages over the weld-on type: 


Re-installation costs are lower. 


Repeated damage to the hull plat- 
ing and to the paint at the points of 
weld attachment is avoided. 


3. Gas freeing of adjacent storage 
spaces is not needed other than at the 
initial installation of the anode securing 
studs. 


Effect On Hull Paint 

A vinyl type hull paint 
used on all these trial vessels. With the 
exception of the minesweeper, there was 
not, at any of the five drydockings in- 
volved, any evidence of accelerated paint 
blistering or stripping near the anodes; 
the area where the highest hull potentials 
would be encountered. On the mine- 
sweeper, however, there was a definite 
tendency towards increased blistering in 
the vicinity of the anodes. It is possible 
that the increased blister incidence re- 
sulted from the higher cathode current 
densities corresponding to the consistently 
higher hull potentials on this ship. More 
likely, however, it was due to the paint 
being very thin (around 0.003 inch thick 


SY stem was 


in this region. The general conclusion 
was, therefore, that the vinyl paints are 
not significantly affected by the uncon- 


trolled zinc anodes. 


Cost 

On the basis of a 20-year period, the 
cost of a zinc anode system of the type 
used in these trials has been estimated'® 
at about 13 cents/sq.ft. of wetted hull/yr. 
For ships of destroyer escort size (wetted 
hull area approximately 15,000 sq. ft.) 
this is slightly less than the cost of the 
cheapest of the other types of galvanic or 
impressed voltage anode systems presently 
available. For larger hull areas (e.g., 50,- 
000 sq. ft.) some of the impressed volt- 
age systems are cheaper (e.g., a lead-2 
percent silver anode system is about 11.5 
cents/sq. ft./yr.). However, for smaller 
hulls, the zinc anode syste m is the cheap- 
est by a wide margin the cost for a 
1,500 'Sq- ft. wetted hull area at 13 cents/ 
sq.ft./yr. is one third that of the cheapest 
controlled type system) 

The simplicity of the  self- regulated 
zinc anode systems, their inherent capa- 
bility of providing excellent current dis- 
tribution, their demonstrated re liability, 
and finally, their competitive cost posi- 
tion, make them the logical anode choice 
for smaller ships and a strong contender 
for top place amongst the protection 
systems for the larger ship hulls. 


2 oO 
e.g., 


Recommendations 


It is recommended that: 


Consideration be given to the more 
widespread use of the self-regulating, uni- 
form current distribution features of zinc 
anodes for cathodic protection systems 
both on and in ships. 


High purity (ASTM Special High 
Grade) zinc alloyed with either alumi- 
num, or aluminum plus cadmium, be 
made the standard zinc anode material 
for all sea water applications. 
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Chromium Electroplates for Corrosion Protection 
Of Stressed AISI 410 Steel 


In High Temperature, High Purity Water* 


Introduction 

ISI 410 steel (low carbon—12_per- 

cent chromium steel) preferably at 
high hardness (RC 36-42, tempered at 
630 F), was a material of extreme. in- 
wrest for use in high temperature, high 
purity waters. Its main disadvantage was 
its known susceptibility to stress corro- 
gon cracking.! To eliminate this prob- 
im, AISI 410 steel tempered at 1125 F 
minimum, to RC hardness of 20-30, was 
onsidered as a possible alternate ma- 
terial. Objections to the softer material 
were its higher general corrosion rates 
and its possible susceptibility to pitting in 
oxygenated waters. Therefore, a program 
was initiated to evaluate the use of 
chromium plate for corrosion protection 
of AISI 410 steel in both conditions (650 
and 1125 F tempers). Chromium plate 
has been commonly considered one of the 
better metallic coatings for corrosion 
protection under the specific service con- 
ditions anticipated. 


Protection of AISI 410 Steel Tempered 
at 650 F to RC 36-42) 


The test work was performed at Knolls 
\tomic Power Laboratory by Galonian 
and co-workers? and at Bettis Atomic 
Power Laboratory by Eric Rau and co- 
workers. 5 The KAPL test specimen 
was a 4-point bent beam specimen ex- 
posed with applied stresses of 40,000, 
13,000, 60,000, and 75,000 psi for bare 
amples, and applied stress of 75,000 psi 
oily for the chromium-plated samples. 
lest specimens were exposed in holders 
ss shown in Figure All samples were 
exposed in static autoclaves to cither 
tigh-purity hydrogen ammoniated water 
of pH 8.5 to 9.5 (see Table 1) or high- 
purity, air-saturated water at 300 F. No 
hemical controls were maintained dur- 
ng the actual exposure cycle. The chem- 
stty of the hydrogen-ammonium water 
did not change during the test. The va- 
ations with time of pH, conductivity, 
and oxygen content in air-saturated water 
ior two —— periods are shown in 
Figures 2 and 3, re spectively. The BAPL 
tests for the same material were based 
a 3-point bent beam specimen with 
applied stresses of 40,000, 60,000, and 
0,000. psi. Samples were exposed in cir- 
culating autoclaves in hydrogen-ammoni- 
ated water, hydrogen- lithium hydroxide 
Water, and water with varying oxygen 
‘ontent (0.5 to 40 ppm). The autoclaves 


Submitted for publication October 2, 1959, A 
Paper presented at a meeting of the Northeast 
egion, National Association of Corrosion Engi- 
neers, Baltimore, Maryland, October 5-8, 1959. 


The results reported in this section are very 
similar to data reported in Reference 1 and 
Presented at the 15th Annual Conference, Na- 
tonal Association of Corrosion Engineers, Chi- 
cago, Illinois, March, 1959. 
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were operated at both 300 and 600 F 
under controlled water chemistry. These 
tests were supplemented by exposure of 
miniature pressure tubes at 300 F only. 
The tubes were machined to a wall thick- 
ness which would, under test system pres- 
sure. cause them to be subjected to the 
desired applied stress, usually at 60,000 
psi. 
The 


showed 


results at KAPL and BAPL 
that with bare AISI 410 steel, 
failures occured within 2 to 8 weeks i 
300F air-saturated water, at the lowest 
applied stress levels of 40,000 psi. In low 
oxygen (0.5 to 2 ppm)water, there was a 
marked increase in susceptibility to pit- 
ting and stress corrosion at stress levels 
as low as 60,000 psi. No specimen fail- 
ures were experienced in hydrogen- 
ammoniated or lithium-hydroxide water 
in 6 months, with applied stresses as high 
as 80,000 psi. 

Both KAPL and BAPL test 


vealed anomalous results with chromium 


data re- 


TABLE 1—Water Chemistry 





Condition 
Water Before pH 6.5 5 

Additions Resistivity 1 2 megohm-cm 
Test Temperature 300F 


Conditions Pressure — Saturation 
Hydrogen- pH 8.5 9.5 
Ammonia Ammonia 0.3 — 0.7 ppm 
Hydrogen 30 60 cc/kg H2O0 
Oxygen less than 0.1 ppm 
Resistivity 250,000 to 500,000 


ohm-cm 


Hydrogen- | pH 10 11 
LiOH LiOH 2.4 24 ppm 
Hydrogen 30 — 60 cc/kg H2O 


less than 0.1 ppm 
20,000 ohm-cm 


Oxy gen 
Resistivity 


Additions made to ammoniated or 
LiOH water to give oxygen content 
of 0.5 2.0 ppm 

Resistivity -— not reported 


Low Oxygen 


Abstract 


The use of chromium plates for protection 
of AISI 410 steel against stress corrosion 
cracking gave anomalous results. The coat- 
ing either offered protection under condi- 
tions which produced failure in unplated 
material, or caused accelerated failures 
under conditions which did not cause un- 
ylated material to fail. Factors which may 
as contributed to the anomalous results 
are discussed. Introduction of oxygen into 
300 F-water systems caused accelerated 
stress-corrosion failures, especially for the 
chromium-plated samples, with applied 
stresses as low as 60,000 psi. From infor- 
mation presently available the use of 
chromium deposits is not recommended for 
corrosion protection of AISI 410 steel mate- 
rials that are susceptible to stress corrosion 
and/or intergranular attack. 

AISI 410 steel tempered at 1125 F mini- 
mum, not susceptible to stress corrosion 
failure, indicated insignificant or no pit- 
ting attack after 6 weeks exposure in air- 
saturated water at 300 F. There are ne 
significant advantages in the use of chro- 
mium plate to reduce general corrosion 
attack. There is a possibility that this coat- 
ing, under certain conditions of application, 
may promote accelerated pitting attack. 
Cobalt-base alloys, such as Stellite 6, in 
contact with chromium-plated AISI 410 
steel, tempered at 1125 F minimum, will 
promote accelerated dissolution of the 
chromium plate adjacent to juncture be- 
tween Stellite 6 and chromium plate, and 
pitting of base metal in these areas. No 
attack of chromium plate in the crevice 
was noted, but accelerated attack of the 
base metal through the cracks in the 
chromium plate was noted in these areas. 


5.3.2 


When oxygen was introduced 
into the system (300F), accelerated fail- 
ure of many chromium-plated beam and 
applied stress about 
60,000 psi) occurred, or a rapid 
propagation of resulted. These 
data emphasized the importance of keep- 
ing oxygen ppm in a 
high-purity water system. In addition, on 


deposits. 


pressurized tubes 
more 
cracks 
levels below 0.1 
exposure in air-saturated water at 300F, 
samples plated with a chromium deposit 
0.0005-in. nominal thickness) to 
specification® but applied by two differ- 
ent sources showed failures in less than 1 


same 


() BAPL Specification - 12156E—A modification of 
ASTM Specification B177. Used the standard 
33-0z. CreOs-—0.33-0z. sulfuric acid/gallon of 
water. Temperature of bath, 130 F; current 
density 300 amps/sq. ft. (asf). 





Figure 1—Stress corrosion specimen and fixture used 
for stressing specimens. 
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Figure 3—Changes in 


in static autoclave (preliminary). 


Figure 4—As polished, 500X. Source A chromium 


plate on AISI 410, RC36-42—as plated. 


Figure 7—As polished, 500X. Source B chromium 

plate on AISI 410, RC36-42 after 8 weeks expo- 

sure air saturated water 300F—applied stress 75,000 
psi. No cracks in base metal. 


week (source A) and no failures after 8 
weeks (source B). 

Typical microphotographs of the as- 
received and as-exposed chromium-plated 
samples are shown in Figures 4 through 
7. The bulk of the chomium deposit in 
both samples, as-received (Figures 4 and 
5), appeared to be “crack-free.” Both 
samples revealed some _ discontinuities, 
but the “poorer” quality deposit (source 
A) showed cracks of a greater number 
and width. As a result of the exposure, 
this latter deposit developed a consider- 
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Figure 5—As polished. 500X. Source B chromium 


plate on AISI 410, RC36-42—as plated. 


A—Crack in base metal started intergranularly. 


Figure 8—As polished, 1000X Typical cracks in 
after 1 week exposure 300 F air saturated w 


able number of additional cracks across 
the entire stressed area (Figure 6). 

More typical areas are shown in Fig- 
ure 8. The cracking of the deposit and 
corollary exposure of the base metal 
caused accelerated pitting and/or pro- 
moted crack propagation into the base 
metal. These cracks in the deposit and 
attack on the base metal are typical of 
all chromium plates that provided no 
protection or caused accelerated failures. 
The “better” quality specimens (source 
B) did not reveal any significant in- 
crease in the amount or extent of the 
cracks, nor produced any marked ac- 
celerated attack on the base metal as a 
result of a similar exposure (Figure 7). 


lh eeemneedl 4 4 4d ee 
20 24 28 32 36 40 44 48 52 SE 60 64 
TIME (HOURS) 


\ 
6 2 


Lb 


oxygen content in air-saturated water static autoclayes 
300 F (preliminary). 


ee | 


Figure 6—As polished, 500 X. Source A chromium 

plate on AISI 410, RC36-42 after 1 week air sat- 

urated water 300F—applied stress 75,000 psi. Speci- 
men failed. 


B—Failure in base metal started as pit, then 
crack propagated intergranularly. 


same chromium plate deposit on AISI 410 RC36-42 
ater—applied stress 75,000 psi. Specimen failed. 


These two sets of samples had_ been 
plated to produce a chromium plate 
thickness of 0.0003 to 0.0005 in. The re- 
sultant samples actually had_ thicknesses 
of 0.0004 in. (source B) and 0.0015 m. 
(source A). As plating time was held 
constant, it is apparent that the current 
density was not properly controlled. 
The corrosion test results revealed that 
the thicker coating deposited at the 
greater rate per unit time was more 
brittle and had a greater number of 
discontinuities, which made chromium 
plate more prone to failure under con 
ditions of the test. This could be an 1!- 
stance in which improper control of cur- 
rent density leads to premature failure. 
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CHROMIUM ELECTROPLATES FOR CORROSION PROTECTION OF STRESSED AISI 410 STEEL 


Figure g9—As polished, 500X. Source A 130F, 3 
anp/ft*—chromium plate 0.5 mil nominal on AISI 
410, 1125F temper—as plated. 


, 


figure 12—As polished, 500X. Source D (proprie- 
tay) chromium plate 0.2-0.5 mils on AISI 410, 
1125F temper—as plated. 


Figure I5—As polished, 750X. Source C 130F, 300 
amp/ft? chromium plate 2.0 mils nominal on AISI 
410, 1125F temper—as plated. 


Tests at BAPL were based on the ex- 
posure of 0.0005-in. chromium deposits 
plated by 3 to 4 different sources to the 
equirements of the same specifications 
previously referenced. Some failures of 
hromium-plated specimens with applied 
tresses of 60,000 and 80,000 psi on ex- 
posure to hydrogen-ammoniated water 
pH 8.5 to 9.5) at 300 F were evident. 
Typical failures were similar to that 
‘hown in Figure 8.) There were no fail- 
es of unplated material under similar 
conditions of exposure (applied stresses 
p to 80,000 psi) or chromium-plated 
amples (applied stress of 40,000 psi) 
inder similar conditions of exposure. Also 
there were no failures (applied stresses of 
9,000 psi) of any chromium-plated sam- 
ples in hydrogen-LiOH water (pH 11) 
at 300 F. 

A possible explanation for these 
anomalous results follows. Chromium de- 
posits contain discontinuities, usually 
tacks, attributed to their high tensile 
‘esses and to operating conditions of 


Figure 10—As polished, 500X. Source B 130F, 300 
amp/ft? chromium plate 0.5 mil nominal on AISI 
410, 1125F temper—as plated. 


Figure 13—As polished, 500X. Source A 130F, 300 
amp/ft? chromium plate 2.0 mils nominal on AISI 
410, 1125F temper—as plated. 


Figure 16—As polished, 500X. Source C 160F, 300 
amp/ft? chromium plate 0.5 mils nominal on AISI 
410, 1125F temper—as plated. 


the plating process. As plating continues, 
these discontinuities are usually covered. 
New cracks which develop as plating 
thickness increases usually do not extend 
to the base metal. 

Plating solution could readily be en- 
trapped in sub-surface discontinuities. 
Cohen® in work on chromium electro- 
plating reported: “A film-like network of 
a compound of chromium existed within 
the several electrochromium deposits 
which were examined. This network was 
associated with the usual crack system 
observed in chromium electroplates. The 
film isolated from a heated chromium 
plate was found to consit of Cr:O; and 


Figure 11—As polished, 500X. Source C 130F, 300 
amp/ft? chromium plate 0.5 mil nominal on AISI 
410, 1125F temper—as plated. 


Figure 14—As polished, 750X. Source B 130F, 300 
amp/ft? chromium plate 2.0 mils nominal on AISI 
410, 1125F temper—as plated. 


Figure 17—As polished, 500X. Source C 160F, 300 
amp/ft? chromium plate 2.0 mils nominal on AISI 
410, 1125F temper—as plated. 


was about 0.05 percent by weight of the 
deposit.” 

Tests at KAPL have indicated that 
Cr,O, is partially soluble by exposure at 
212 F to ammoniated water, pH 8.8, and 
forms a collodial precipitate with LiOH 
water, pH 10.5 to 11. It is very probable 
that the application of the applied stress 
caused the discontinuities in the deposit 
to open and expose the base metal. The 
entrapped Cr.Os reacted with ammonia 
to produce a conductive solution in lo- 
calized areas which caused accelerated 
(galvanic) corrosion with resultant stress- 
corrosion failure of the base metal. As 
LiOH forms an insoluble precipitate with 
Cr,O,, a similar phenomenon did not 
occur in the higher pH water. This 
theory is substantiated further by the 
following facts: 
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Figure 18—As polished, 500X. Opposite side to sam- 


ple shown in Figure 17. Plate two times as thick. 


Figure 19—As polished, 500X. Source C 130F, 900 
amp/ft®? chromium plate on AISI 410, 1125F tem- 
per—as plated. 


1. AISI 410 steel (RC 36-42) 
very low corrosion rates in hydrogen- 
ammoniated water at 300 F’ 

2. The conductivity (resistivity-200,000 
to 500,000 ohm-cm) of the normal am- 
moniated solution is too low to promote, 


shows 


by itself, galvanic action. 
3. Some 
present which promoted either localized 
or galvanic action, since excessive pitting 
beneath “through- 
crack” in the chromium plate of all the 
specimens which failed. 
Chromium plated specimens 


factors must have been 


was evident each 


‘same 
plating sources and plated at the same 
time) which caused accelerated failure at 
300F in hydrogen-ammoniated water did 
not reveal any failures on exposures (at 
BAPL) to the same environment at 
600 F. Unfortunately, these specimens 
were not available for further studies. 


Protection of AISI 410 Steel Tempered 
At 1125F Minimum 

The test specimens were plated to two 
different nominal thicknesses, 0.5 and 
2.0 mils, by three different sources, A, B, 
and C, to the requirements of the same 
specifications referenced above; these 
plates will be referred to as standard 
deposits. A second set was plated by 


UNPLATED 


COUPLED WITH STELLITE NO. 6 


UNPLATED 


Figure 20—Post test appearance of chromium plated T-410 steel. Stress corrosion samples were tested six 
weeks in 300 F air-saturated water. Plated at 130 F, standard bath, 300 amp/ft’. 


source C to the same requirements ex- 
cept bath temperature was maintained at 
160F. These latter deposits were to be 
“crack-free.” A third set was plated at 
130F at current density 2% to 3 times 
greater than that specified in order to 
study the effects on the resultant de- 
posit. 

Samples of a proprietary (source D) 
chromium-rich deposit (Electrolizing) 
were included in the test program. The 
test specimens were exposed in the same 
holder as shown in Figure 1 with an 
applied stress of 60,000 psi in air- 
saturated water at 300F in static auto- 
claves. Water chemistry conditions were 
similar to those shown in Figures 2 and 
3. Included in the test program 
specimens, in triplicate, of all conditions 
of chromium plating. Unplated samples 
were used as controls. Also used were 
samples plated by source C, 130 and 
160F, 2 mils, source D, and unplated in 
contact with Stellite 6 (cobalt-base alloy). 

Typical microphotographs of the 
standard 0.0005-in. deposits, as supplied 
by the three different electroplaters, are 
shown in Figures 9 through 11. Figure 12 
reveals the typical structure of source D 
deposit. A wide variation in nature and 
extent of cracks is evident. The pro- 
prietary coating (source D) indicated 
porosity (no cracks) which is not evi- 
dent in the microphotograph. The struc- 
ture of the standard 0.002-in. deposits 
from the three different sources is shown 
in Figures 13 through 15. These indicated 
slight but not significant differences in 
degree or extent of cracking. These 
cracks did not show any ‘“‘through- 
porosity’: cracks extending from outside 
surface to the base metal. 

Figure 16, 2 different 


were 


surfaces 0.5 


mils, and Figure 17, 2.0 mils, show the 
crack-free nature of the deposits plated 
at 160F. The opposite face of the same 
specimen (Figure 17) is shown in Figure 
18. This face was apparently plated to 
about twice the specified thickness and 
showed numerous scattered cracks. Since 
the plating time had been constant, th 
thicker layer had been deposited at a 
much greater rate because of the highe 
current density. The deposit, deliberately 
plated at 2% to 3 times greater rate, 
showed the structure as seen in Figure 
19. This coating revealed the greatest 
degree of cracking and nonuniformity in 
thickness. The structures illustrated in 
Figures 18 and 19 emphasize the in- 
portance of proper control of current 
density to ensure uniformly high quality 
of chromium electroplates. 

The appearance of various specimens 
after removal from 6-weeks exposure are 
shown in Figure 20. Wide variations in 
extent of attack are evident. These are 
reviewed later in this report. Duplicate 
specimens of each variation exposed to 
test (4 to 6 weeks) were studied metal- 
lographically. The results are summarized 
as follows: 

As results of the test conditions, all 
chromium deposits (including the crack- 
free) cracked or showed increased ex- 
tent of cracking with a resultant exposul' 
of the base metal. The chromium plates 
per se were corrosion-resistant. The ap- 
parent failure of the plate was caused by 
accelerated attack (pitting) of the base 
metal through the cracks with resultant 
undercutting and/or failure of the bond. 
The extent of the attack was not time 
dependent to a significant degree, but did 
appear to depend mainly on the number, 
size, and location of cracks in the chro- 
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Figure 21—As polished, 250X. Typical of Source A 

48 130F chromium plate 0.5 mils nominal after 

é weeks exposure 300F air saturated water—60,000 
psi applied stress. 


figure 24—As polished, 250X. Source D (proprie- 

tory) chromium plate 0.2-0.5 mils nominal after 6 

weeks exposure 300F air saturated water—60,000 
psi applied stress. 


Figure 27—As polished, 250X. Typical source C 

130F and 160F chromium plate 2.0 mils nominal 

after 6 weeks exposure 300F air saturated water— 
60,000 psi applied stress. 


mium deposit, whether pre-existent, de- 
veloped, or propagated during tests. 

The microphotographs attached are 
typical for conditions indicated. Except 
where indicated otherwise, the depth of 
attack in the base metal was less than 0.5 
mil 0.0005 in.), which is not significant 
‘ot most applications. The typical con- 
ditions of the chromium plate after ex- 
posure of the 0.5-mil deposit as plated 
to the required specification at 130F and 
that of 160F are shown in Figures 21, 22, 
and 23, respectively. Figures 24 and 25 
how variations in extent of attack of 
proprietary (source D) plate on two 


duplicate specimens exposed for 6 weeks. 
The plate thickness on both were sup- 
posed to be the same. The poorer ad- 
hesion in service of the thinner coat is 
apparent. 

Figure 26 shows a typical effect of test 


Figure 22—As polished, 250X. Source C 130F, 300 

amp/ft? chromium plate 0.5 mils nominal after 6 

weeks exposure 300F air saturated water—60,000 
psi applied stress. 


Figure 25—As polished, 250X. Source D (proprie- 

tary) chromium plate 0.2-0.5 mils nominal after 6 

weeks exposure 300F air saturated water—60,000 
psi applied stress. 


Figure 28—As polished, 250X. Typical for chromium 

plate deliberately plated at a higher current den- 

sity (900 amp/ft*), after 4 weeks exposure air sat- 
urated water 300F—applied stress 60,000 psi. 


conditions on the standard 2.0-mils 
chromium-plate as deposited by source A 
and B. The condition shown in Figure 
27 is typical of the effects of the ex- 
posure on 2.0 mils at 160F and standard 
source C deposits. These two conditions 
and the 0.5-mil deposit at 160F 
23) showed the least extent of cracking 
in the deposit and the lowest degree of 
attack on the base metal. 


Figure 


Figure 28 shows the greatest extent of 
failure of chromium plate and greatest 
attack on the base metal. This occurred 
to the specimen on which chromium was 
plated deliberately at a higher current 
density (800 to 900 amp/ft?). The maxi- 
mum depth of pitting after 4-weeks ex- 
posure was 4 to 5 mils (0.004 to 0.005 
in.). In all instances the resultant corro- 
sion of the base metal (tempered at 1125 
F) was a pitting attack without any indi- 


CHROMIUM ELECTROPLATES FOR CORROSION PROTECTION OF STRESSED AISI 410 STEEL 


Figure 23—As polished, 250X. Typical Source C 

160F—300 amp/ft? chromium plate 0.5 mils nom- 

inal after 4 weeks exposure 300F air saturated 
water—60,000 psi applied stress. 


Figure 26—As polished, 250X. Typical source A & 

B 130F chromium plate 2.0 mils nominal after 6 

weeks exposure 300F air saturated water—60,000 
psi applied stress. 
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Figure 29—Same as Figure 27 but etched XT. 


cation of intergranular attack. Two typi- 
cal etched microphotographs with light 
and heavy pitting are shown in Figures 
29 and 30. Figures 31 and 32 show 
accelerated failures and/or dissolution 
of the chromium plate at the junc- 
ture of the Stellite-6 edge to the chro- 
mium plate face. Accelerated attack (3- 
to 4-mils deep, maximum) also occurred 
in the metal in the 
Base metal below the crevice proper re- 
vealed marked accelerated pitting (com- 
pare ) below cracks 


base same areas. 


Figure 33 to 27 
in the chromium plate. No attack of the 
chromium plate was evident in the crev- 
ice proper. Unplated AISI 410 steel 
1125 F temper) showed accelerated pit- 
ting, less than 0.002 in. (Figure 34), at 
point of contact with edge of Stellite 6. 
No accelerated attack was found in the 
crevice proper. Except for light 
general corrosion attack (rusting), bare 
AISI-410 steel specimens showed insig- 
nificant or no pitting attack. 


some 
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Figure 30—Same as Figure 28 but etched XT. 


Discussion 


In deciding to use chromium plate for 
corrosion protection, it was known that 
a “good” electroplate was essential to get 
the desired corrosion protection. It was 
felt that there should be no problem in 
obtaining the desired deposit by using 
qualified platers and plating to the re- 
quirements of the detailed ASTM specifi- 
cation. Yet, surprisingly, it was apparent 
from the studies that different 
can produce chromium deposits with 
wide variation in appearance and char- 
acteristics even when the plating is done 
according to the requirements of the 
same detailed specification. Studies of 
practices used by the various plating 
sources revealed conformance with the 
requirements of the specification. As 
many preplating, plating, and _post- 
plating conditions have a_ significant 
effect on the characteristics of chromium 
electroplates,’ it was difficult to de- 
termine with reasonable certainty the 
factors contributing to the wide variation 
in properties. These differences are con- 
sidered attributable at least in part to the 
wide limits of the specification and/or 
practices and controls used in the various 
plating sources. 


sources 


Variations in chromium deposits have 
produced anomalous results in studies of 
their protection of hardened (Rc 36-42) 
AISI 410 steel against stress corrosion 
failure. The probable reasons for these 
anomalous results were reviewed above 
in this report. It is recommended that 
chromium plate should not be used at 
present for the protection of such ma- 
terials as AISI 410 steels against stress- 
corrosion cracking. This recommendation 
is based on the anomalous results with 
chromium plate, the failure to establish 
the causes for the variations, and the 
probability of developing cracks in the 
deposit when the base metal is exposed. 
In addition, chromium plate should not 
be used for corrosion protection of 
similar materials in oxygenated water, 
when in intimate contact with cobalt- 
base alloys 

Whenever chromium plate cracked and 
exposed the base metal (AISI 410 steel 
tempered at 1125F minimum), acceler- 
ated pitting-attack occurred. The amount 
of attack was dependent on the nature 
and the extent of the cracks rather than 
the duration of the exposure period. In 
most instances the depth of attack in the 
base metal was not of significance. It is 
very probable that longer periods of ex- 
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Figure 31—As polished, 250X. Stellite 6 in contact 

with source C—160F, 300 amp/ft? chromium plate 

on AISI 410, tempered 1125F after 6 weeks ex- 

posure 300F air saturated water—60,000 psi applied 
stress. 


wo? 
_. = 


- 
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Figure 33—As polished, 250X. Stellite 6 in contact 

with source C—-160F, 300 amp/ft? chromium plate 

on AISI 410, tempered 1125F after 6 weeks expo- 

sure 300F air saturated water—60,000 psi applied 
stress. (Taken below crevice area.) 


posure in the same environment or en- 
vironments of equivalent corrosive nature 
could eventually cause sufficient attack 
on the base metal to undercut and break 
the bond between the base metal and the 
chromium plate. 

Before chromium plating is adopted 
for corrosion protection of critical 
stressed parts in high temperature, high 
purity waters, test programs to determine 
factors contributing to an “acceptable” 
deposit, and for the development of 
quality control procedures must be under- 
taken and successfully completed. It is 
beyond the scope of this report to discuss 
the many ramifications involved in such 
a program. The entire matter could be 
further complicated, if attempts are made 
to include an evaluation of the many 
proprietary plating processes and solu- 
tions extant. At some later date, it is 
hoped that evaluation may be made of 
the significance of applied stress and 
determination of other factors which may 
have contributed to anomalous stress cor- 
rosion failure and/or absence of failure 
of chromium-plated specimens exposed in 
high purity water at 300 and 600F. 

Conclusions 

Chromium plates should not be used 
for the protection of materials such as 
AISI 410 steel, especially if the material 
is anodic to chromium plate, against 
stress corrosion cracking in various high 
temperature (300 and 600 F) high purity 
waters. Under some conditions, it is 
possible to promote accelerated failures 


Figure 32—As polished, 250X. Stellite 6 in contact 

with source C—130F, 300 amp/ft? chromium plate 

on AIS! 410, tempered 1125F after 6 weeks ex: 

posure 300F air saturated water—60,000 psi applied 
stress. 


Figure 34—As polished, 250X. Stellite 6 in con- 

tact with bare AISI 410, 1125F temper after 6 

weeks exposure air saturated water 300F—60,000 
psi applied stress. 


of chromium plated parts under con 
ditions which did not cause bare material 
to fail. There are no advantages for the 
use of chromium electroplate to mini- 
mize pitting attack of AISI 410 steel 
(tempered at 1125F or higher in 
oxygenated high temperature (300F 
high purity waters. 
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Corrosion Problems in a Refinery Diethanolamine System“ 






By KENNETH L, MOORE 







Abstract 


Various corrosion problems are described 
which have occurred in a large diethanol- 
amine (DEA) system that removes hydro- 
gen sulfide from refinery gas streams and 
a liquid propane-butane stream. These in- 
clude reboiler corrosion, rich DEA corro- 
sion, stress corrosion cracking, and corro- 
sion-erosion. The effect of the problems on 
system operation is discussed, as well as 
the means of minimizing the problems. 
Electrical resistance measuring device data 
indicate the importance of keeping the 





Introduction 
IY AQUEOUS solution of diethanol- 





amine (DEA) is used for removal of 
iydrogen sulfide from refinery gases in 
< refineries that process sour crude 

The weak chemical combination About 
a results between hydrogen sulfide 
ad DEA is easily broken by heat to 
release the hydrogen sulfide and regen- 
arate the DEA for re-use. The resultant solutions 1 COs) per oa - onan 
iolated hydrogen sulfide stream can then Author a minimize the corrosion in the rich DEA. 
be converted into elemental sulfur or Data from this source also show the rela- 

; a tionship between general reboiler corrosion 
alfuric acid by other processes. Thus, and galneicis CoubataTGeiione $43 
, DEA scrubbing system not only re- 
duces the corrosivity of the refine ry gases 
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on the bottom of the regenerator. In 









— air nae eo ae KENNETH L. MOORE is corrosion engineer addition to the basic flows, the regenera- 
result from the combustion of hydrogen at the Tidewater Oil Company refinery in ee ee st 3 ; accede at Mie _ 
ee ta ee ae ce Delaware City, Delaware. He did process tor is refluxe d with condensate from the 
se bl | 5¢ i ? , ‘ design and corrosion work for three years overhead acid gas. 

profitable by-products. with Atlantic Refining Company. He re- Tho ait <— tests ‘ 
I Li ; ceived @ BS in chemical enpimscsing oad The top five bubble cap trays in the 
In the process of absorbing and strip- a’ BS in metallurgical engineering at the regenerator are 18 percent Cr-8 percent 





ping acid gases such as hydrogen sulfide University of Michigan in 1954. Ni stainless steel as are the overhead 






















ind carbon dioxide in this aqueous sys- lines, accumulator (clad), reflux lines, 
em, serious corrosion problems can be and reflux pump. The regenerator shell 
ncountered. Many of the problems have and head are clad with 18 percent Cr-8 
been reported by others. Rather than re- sulfide removed by the DEA system is percent Ni in the same area as the alloy 
view this literature, the scope of this converted into elemental sulfur by a sul- trays. With a few other exceptions, the 
paper is the presentation of information fur plant which recovers as much as yemainder of the DEA system is made 
tained from an operating DEA system 360 long tons per day. of carbon steel. The major vessels were 
of recent design. It is believed that the In Figure 1, the basic DEA system is _ stress relieved. 
data presented quantitatively establish illustrated schematically. Cool lean DEA, There are several factors which make 
limits on factors which affect corrosion. substantially free of hydrogen sulfide, is | this DEA system prone to rapid changes, 
es had pumped to three separate absorbers and consequently demand careful atten- 
Description of Equipment where it contacts the refinery fuel gas tion to its operation. Since composite 
At itt Delaware Refinery, the Tide- vapor phase absorber), a liquid propane- streams from the entire refinery are 
water Oil Company has a single DEA butane stream (liquid phase absorber) scrubbed in this system, there are many 
ystem to remove hydrogen sulfide from and recycle hydrogen from one of ie sources of contaminants. As an example, 
rfinery gases and a liquid propane- hydrodesulfurizers (Train V absorber). both the catalytic cracker and fluid 
jutane stream. Since the crude oil may The rich DEA, after having extracted coker generate hydrogen cyanide, car- 
otain as much as 4.5 percent sulfur hydrogen sulfide and some carbon di- bonyl sulfide, organic acids, and am- 
and since the fuels produced from it are oxide from these refinery streams, re- monia. Also, the DEA has a high turn- 
extensively hydrodesulfurized, large vol- turns from the absorbers to the regenera- over rate. Though there are 42,000 
umes of hydrogen sulfide are generated tor. The rich DEA passes through heat gallons of DEA solution in the system, 






aid must be subse quently removed from exchangers to remove heat from the lean the high circulation rate of 2,100 gpm 
the hydrocarbon streams. The hydrogen DEA leaving the regenerator reboilers. turns the inventory over every 20 
sso In order to provide additional heat to minutes. Thus, contamination of the 
tSubmitted for publication March 21, 1960. A ade quately strip hydrogen sulfide from solution and change in strength can 


















paper presented at the 16th Annual Conference. t ) > > wie ; : ne , ‘ ‘ - ad 
National Association of Corrosion Engineers, he rich DEA, the ree Fahy thre a Seca occur much faster than in many DEA 
Dallas, Texas, March 14-18, 1960. heated kettle-type reboilers in parallel systems. 
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Figure 1—DEA system—Tidewater Delaware Refinery Figure 2—Details of regenerator reboiler. 
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Figure 3—Regenerator reboiler bundle 


showing 
localized attack at the baffle. 


Corrosion Problems 

Corrosion has had a large and serious 
effect upon operation of this DEA Sys- 
tem. Aside from failures due to loss of 
metal, accounts for the iron 
sulfide fines which cause erosion, plug- 
ging, galvanic attack, and perhaps foam- 
ing. Thus the total cost of corrosion is 
the cost of equipment repairs plus: (1 
the cost of DEA lost from the system 
due to upsets, (2) the cost of lost prod- 
ucts, (3) the cost of damage to other 
equipment burning unsweetened gas, and 
‘4) the cost of filtration. 

The problems can be di- 
vided into several categories, such as re- 
boiler corrosion, rich DEA corrosion, 
stress corrosion cracking, and corrosion- 
erosion. Each of these will be discussed 
in detail. 


corrosion 


corrosion 


Reboiler Corrosion 

The first problem experienced in the 
system was severe localized corrosion in 
the regenerator reboilers. Figure 2 is a 
sketch showing details of the kettle-type 
reboilers. The 13-gauge carbon. steel 
tubes were perforated at the baffles in 
the top half of each of the three bundles 
after 10 months of operation. 

Figure 3 is a photograph of a bundle 
showing severe corrosion at the _ baffle. 
The baffles corroded as did the 
tubes, thus ruling out a galvanic effect 
between them. 


steel 


Figure 4 illustrates a single tube where 
it passed through a baffle. The tube 
retained its original diameter throughout 
most of its length, and even at the center 
of the area under the baffle. The corro- 
sion rate represented by the perforation 
is approximately 120 mils per year. 

The corrosion resulted from local hot 
spots on the tubes at the baffles. Steam 
entered the top half of the U-tube bun- 
dle at 40-45 psig, superheated to about 
350 F. There was enough clearance be- 
tween the and baffle to admit 
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tubes 


Figure 4—Single steel tube from regenerator reboiler bundle showing localized attack at the baffle 


DEA into the annular crevices, but an 
insufficient flow to effect much cooling. 
Though the bulk DEA temperature did 
not exceed 245 F, the liquid in these 
crevices was probably around 300 F. 
Severe gas stripping undoubtedly resulted 
in the crevices, as well as concentration 
of contaminants. It is significant that the 
localized attack under the baffles oc- 
curred only on the inlet pass and was 
most severe at the inlet end where steam 
temperatures would be the greatest. 

Because of the severe steam leakage 
and consequent dilution of the DEA 
solution, it was necessary to retube all 
three bundles with new steel tubes. To 
extend the service life of the bundles, the 
following modifications were made: 

1. Heat control of the system was 
changed, so that the steam going to the 
reboilers is throttled rather than the 
steam condensate leaving the reboilers. 
This allows the bundles to operate at 
lower steam condensing temperatures 
(267 F at 25 psig versus 293 F at 45 
psig). Also, the heat flux has been re- 
duced appreciably since the entire tube 
surface is available for heat transfer. 
Previously, steam condensate flooded 
about one-half of the tubes and all of 
the heat had to be transferred in the top 
half of the tubes only, resulting in severe 
stripping due to the high heat flux. A 
restriction orifice, installed in the steam 
line to each reboiler, as shown in Figure 
2, does the majority of the steam throt- 
tling. 

2. The overflow weirs were raised 6 
inches to create a greater head of liquid 
above the tubes to minimize vaporiza- 
tion on the tube surface. 

It was not possible to install desuper- 
heating equipment immediately, as this 
would have required a shutdown of the 
system. By the time there was a shut- 
down a year later, one of the reboilers 
had begun to leak again. However, it was 
observed that the severe localized corro- 
sion was present only at the tube sheet 
on the inlet pass, though some general 
thinning had also occurred on the tubes. 
It was apparent that changes which had 
been made solved most of the problems, 
but it would be essential to desuperheat 
the steam for longer life. 

After the desuperheating facilities were 
installed, the remaining two. reboilers 
lasted for a total of 20-24 months, de- 
spite the attack that had already occurred. 

Presently, general thinning rather than 
localized attack is limiting the service 
life of the bundle. With a life of two 
years with carbon steel, it is difficult to 
justify the use of an expensive alloy; 
however, alloys are being tested. A steel 
electrical resistance measuring probe has 
been installed in the hot, lean DEA as it 
spills over the weir, to monitor the cor- 


rosion. In Figure 9, the electrical resis. 
ance measuring device data are plotted 
versus time. Also plotted is the amount 
of solution contamination—thiocyanate 
(a non-volatile oxidation product of hy. 
drogen cyanide) and DEA degradation 
products. There appears to be a correlh- 
tion in that corrosion is virtually non. 
existent when the contamination is low, 
whereas the corrosion rate might average 
about 40 mils per year with appreciable 
amounts of solution contamination, All 
other factors, such as hydrogen sulfide 
content and temperature, show no corre. 
lation with this general corrosion, 

Solution contamination can be mini- 
mized by water washing the refiner 
streams before they contact the DEA 
solution, by side-stream distillation of 
the DEA solution, or by periodic discard 
of the DEA solution. However, the 
capital expenditures, DEA costs, utility 
costs, and possible pollution problems 
from the wash water, must be fully 
assessed to determine the most econoni- 
cal means to cope with the problem. 

The DEA solution is dosed with 10) 
ppm of a water soluble filming amine 
inhibitor. As new DEA is added, addi- 
tional inhibitor is added. No appreciable 
benefit has been noted in reboiler corro- 
sion or other areas from this treatment. 
Rich DEA 

Apart from corrosion in the reboilers 
due to temperature and contaminant, 
corrosion occurs in the rich DEA which 
is only 100-120 F. Not only is general 
metal loss of concern because of the dif- 
ficulty in repairing stress relieved vessels, 
but also localized corrosion at points 0! 
turbulence in the piping can cause unl 
expected failures. Perhaps the most trou: 
blesome effect of corrosion, long before 
replacements are necessary, is the result- 
ant iron sulfide scale. Iron, which goes 
into solution due to corrosion, 1s pre- 
cipitated out as iron sulfide of microni 
and submicronic particle size. Because 
of its fine size, filtering is difficult. There 
has been considerable difficulty due t 
plugging of exchangers, absorbers, the 
regenerator, and reboilers, by the scale. 


Corrosion in 


In order to determine corrosivity 0! 
the rich DEA, electrical resistance meas 
uring probes were installed in the outlet 
of the liquid phase absorber and in the 
total rich DEA as shown in Figure | by 
the letter “C”. The probe in the liquid 
phase absorber outlet has been installed 
for the longest period and _ has yielded 
the most significant data. 

Figure 6 illustrates the correlation 
found between the acid gas loading ol 
the DEA and the corrosivity. The acid 
gas loading is expressed as mols of hy- 
drogen sulfide (plus carbon dioxide, 1! 
present) per mol of “free” DEA. In the 
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liquid phase absorber, the acid gas ab- 
atted js almost entirely hydrogen sul- 
ide, It is apparent in the graph that 
above a loading of 0.40 mols of H,S/ 
nol of DEA, the electrical resistance 
measuring device indicates active corro- 
jon, as much as 36.5 mils per year. 
Below a level 1 of approximately 0.34 mols 
(HS per mol of DEA, there is no 
prosion Which is indicated by the 
plateaus on the tot il corrosion curve. 


It is obvious that erosion from the 
glution velocity has no appreciable ef- 
fect on metal loss of the probe, since the 
reading stays constant when the loading 
is below 0. ).34 mols/mol. In the range be- 
ween 0.34 and 0.40, corrosion may or 
nay not exist. It is believed that this 
and exists due to analytical inaccuracies 
in determination of gas loading and 

ree” DEA strength. 

The sensitivity of the probe is indi- 
ated by the offset in the “no-corrosion” 
plateaus which was caused by a high acid 
ns loading for only two di ys (at 163- 
(65 days). Also of interest is the fact 
that the probe is upstream of the control 
valve, and indicates corrosion even 
though the solution is under 85 psig 
pressure, 2 Condition which would maxi- 
mize the hydrogen sulfide 
held in solution. 

These data substantiate the “rule of 
humb” that has been determined by 
thers from extensive plant experience 
n which the maximum safe loading is 
mpirically set at one-third mol per mol. 
lt is surprising that there is such close 
wreement. The author believes that 0.34 
ils of acid gas per mol of DEA is an 
important figure to consider as maximum 
ading in design and operation of DEA 
ystems. Other than reboiler 
vhich is due to different factors, the 
lading in the rich DEA is perhaps the 
difference between the troublesome and 
troublefree DEA systems. , 


amount of 


corrosion 


A number of changes can be made to 
the safe capacity of a DEA 
so that the rich loading will not 
‘xceed 0.34 mols per mol. The two most 
vious changes are increased circula- 
tion rate and increased DEA concentra- 
tion. The safe capacity of the system has 
een increased satisfactorily by operating 
ith 3 30 wt. per cent DEA and greater 
fow rates after installing a larger booste1 
pump for the liquid phase absorber. It is 
ako important to balance flows to sepa- 
rate absorbers so that with a limited flow, 
loadings in each absorber can be 
qualized as much as possible. 
Another change which 
some refineries is 
monoethanolamine 
ower molecular weight, has 72 
per cent more mols than DEA for the 
‘ame weight percent solution. Each MEA 
mol has the same absorptive capacity as 
aDEA mol if not a little more because 
f its stronger basic ity. However, a major 
onsideration to be evaluated before 
making such a conversion is the amount 
carbonyl sulfide in the streams being 
‘rubbed. It has been reported that car- 
onyl sulfide combines irreversibly with 
MEA to form diethanolurea’ The cost 
ot MEA consumption as well as the cost 


increase 
system, 


is possible for 
conversion to MEA 
Because of the 
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Figure 5—Relationship of corrosion in hot lean DEA and solution contamination. 
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Figure 6—Relationship of rich DEA loading and corrosion. 


of removal of the by-product from the 
solution must be considered before the 
conversion is made. 


Stress Corrosion Cracking 

The need to stress relieve welded ves- 
sels for an has been re- 
ported in the The residual 
stresses are sufficient to cause stress corro- 
cracking. No trouble of this nature 
occurred in the company’s 
however, some of the 
failed for this 


amine system 
literature.? 


sion 
has 

slieved vessels; 
regenerator internals have 
reason. The steel yokes which hold the 
bubble caps and risers in place on the 
regenerator trays have Appar- 
ently, there is sufficient induced 
when assembling the bubble cap trays to 


stress 


cracked. 


stress 


cracking in. this 
In the first year of operation, 
approximately one-third of the yokes 
broken, allowing the cap and risers 
about. 


cause stress cerrosion 


vapo! zone, 


were 
to move 


A typical fractured yoke is shown in 
Figure 7. In most there was only 
minor, if any, metal loss at the fracture. 
Minor pitting is apparent. Due to the 
unavailability of alloy yokes during the 
first shutdown, replacements were made 
with steel again. All tips were 
tested with pliers to determine where 
cracks existed though complete separa- 
tion had not occurred. 


cases 


voke 


As expected, 
solved. Many of 


the problem not 
the yokes broke again. 
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was 
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Figure 7—Stress corrosion cracking of steel yoke in 
regenerator bubble cap trays. 


Type 304 stainless steel yokes have now 
been installed. This alloy has performed 
well in the top section of the regenerator, 
without a single failure. 


Corrosion—Erosion 


In the hydrodesulfurizer absorber, a 
high pressure must be maintained since 
the hydrogen is recycled to the process 
after scrubbing. Thus the rich DEA 
must be depressured to re-enter the DEA 
system. This is done through the level 
control valve. Figure 8 illustrates the 
damage done to this double V-port valve 
in only 14 months of service. The plug 
and seats are made of Type 316 stain- 
less steel with Stellite hard facing. In 
general, Stellite withstood the attack, but 
it also began to deteriorate in areas. Re- 
duction of solids, lower acid gas load- 
ings, and a change in valve design have 
contributed to longer life. If this is not 
adequate, a solid Stellite plug will be 
tested. 

The main Jean DEA circ - ition pumps 
were originally steel with cast iron im- 
pellers. After approximately 10 months 
of serv ice, corrosion-erosion had de- 
stroyed the cast iron impellers. Replace- 
ment with Type 304 stainless steel has 
greatly extended the service life; how- 
ever, some attack still occurs, particularly 
on the Type 304 wear rings. 
Miscellaneous 


The rich to lean DEA heat exchang- 
ers have experienced only minor corro- 
sion problems, though they are con- 
structed of steel. Some galvanic attack is 
apparent where breaks have occurred i 
the sulfide scale. Localized pitting has 
occurred in an area where poor pump 
suction conditions allow the hot lean 
DEA to vaporize. The major problem in 


Any discussion of this article not published above 
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Figure 8—Control valve plug and seats showing corrosion-erosion. 


these exchangers has been plugging due 
to iron sulfide fines. 


Summary 


Corrosion control _ iys a large role in 
efficient operation of a DEA scrubbing 
system. Equipment corrosion failures 
obviously incur repair well as 
operational upsets which result in solu- 
tion loss, product loss, pollution, and 
corrosion of other equipment. Corrosion 
also generates scale in the DEA solution 
which causes plugging, erosion, galvanic 
attack and perhaps foaming. 

Varied corrosion problems have been 
encountered and minimized in the fol- 
lowing manner. 


costs as 


Reboiler Corrosion—Localized at- 
tack occured on the steel tubes resulting 
from hot spots at the baffles. This has 
been prevented by desuperheating the 
steam, operating at as low a steam pres- 
sure as possible, keeping the tubes free 
of condensate, and increasing DEA liquid 
height above the tubes. Electrical resist- 
ance measuring probe data indicate that 
general thinning is a function of the solu- 
tion contamination resulting from DEA 
degradation products and contaminants 
extracted from the refinery streams. 


Rich DEA Corrosion—Probe data 
show that corrosion is a function of the 
acid gas loading in rich DEA. Below 
0.34 mols of acid gas per mol of “free” 
DEA, there is no corrosion. Existing 
systems which exceed this loading can 
be rectified by using a higher concentra- 
tion of DEA, a higher circulation rate, or 
by conversion to MEA. 


Stress Corrosion Cracking—Steel 


yokes, which retained the 
in the regenerator, failed by stress corro- 
sion cracking. They have been re placed 
with Type 304 sti 1inless steel yokes. 


bubble caps 


will appear in June, 1961 issue. 


Corrosion-Erosion— A control valve. 
which throttled high pressure DEA, suf. 
fered of the 
hard-faced Type 316 stainless steel plug 
and seats. Re a tion of solids, acid gas 
loading, and change in design have given 
longer life. i 


severe  corrosion-erosion 


Cast iron impellers in the main circu- 
lation pumps, which failed from corro- 
sion-erosion in 10 months, have been re- 
placed with Type 304 stainless steel t 
provide much longer life. 

The electrical resistance measuring e- 
vice has proven to be a valuable, sensitive 
tool to establish factors affecting COrTO- 
sion in a DEA system and to monitor 
the effectiveness of corrosion control. 
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DISCUSSION 

Question by Giles A. Rawls, Port Arthur, 
Texas: 

You mentioned that you had used If 
ppm inhibitor in DEA solution and did 
not realize any benefit. Did you us 
electrical resistance measuring probe t 
determine whether it was beneficial ot 
not? 


Reply by K. L. Moore: 

Yes. We had probe in system before add- 
ing inhibitor and after adding inhibitor 
and could not determine any difference 
in the corrosion rate. 
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*Dimazine is the 


Compatibility of Materials 
With Unsymmetrical Dimethylhydrazine Rocket Fuel* 


Introduction 
NSYMMETRICAL dimethylhydra- 
gine is one of the newer liquid 

rocket chemical fuels in operational use 
in the United States today. The transition 
of this fuel from a laboratory chemical 
io commercial produc tion and large scale 
ye was made in less than three years. 


The Chlor-Alkali Division of Food 
\achinery and Chemical Corporation 
pioneered in the commercial manufac- 
wre of Dimazine* or UDMH in 1954. 
\Metal corrosion information and other 
materials-of-construction data were re- 
quired for the design and construction 
the plant and for proper storage, ship- 
ping and handling a this fuel. This is a 
report of part of the materials compati- 
bility information developed by the au- 
thor’s company Over! the past six years. 
Inaddition to extensive coupon test data, 
experience in storage, shipping and han- 
ding of tank car quantities of UDMH 
is reported. 

The rapid acceptance of UDMH as a 
high energy storable liquid propellant is 
attributable i 1 part to its compatibility 
vith almost “all metals under normal 
vironmental conditions. However, 
UDMH is an excellent solvent for many 
plastics and rubbers, and extensive test- 
ng was required to find plastics and 
latomers which were compatible. Tef- 
on, polyethylene, and butyl rubbers have 
given the most satisfactory service. 
Although all the defense agencies and 
all major liquid rocket engine companies 
have worked with UDMH and have de- 
veloped some information on compati- 
bility of metals and elastomers with this 
fuel, nearly all of this information re- 
mains “buried” in a multitude of classi- 
fed reports. Most of the available un- 
lasiied information is found in 
manufacturers’ bulletins,!:2 articles pub- 
lished by manufacturers’ personnel* *:>' 
tin compilations and handbooks based 
on manufacturers’ information.?::% 1° 
In general these references simply list 
recommended materials of construction, 
without reporting details of their experi- 
mental test conditions and results. Excep- 
ons include (a) a recent release through 
the Liquid Propellant Information 
\gency of three unclassified technical 
hotes'442513 hy Army Ordnance Missile 
Command reporting their laboratory test 
nformation on compatibility of materi- 


cians 


k Submitted for publication March 7, 1960. A 
paper presented at the 16th Annual Conference, 
National Association of Corrosion Engineers, 


Jallas, Texas, March 14-18, 1960. 


registered trademark of Food 
and Chemical Corporation, For con- 
UDMH will be used throughout this 
designate unsymmetrical dimethyl- 
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ment Department of the Food Machinery 
and Chemical Corporation, Princeton, N. J. 
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als in their Jupiter-C missile with UDMH 
and the U-DETA blend (60 percent 
UDMH-40 percent diethylenetriamine; 
and (b) a series of reports by the Con- 
necticut Hard Rubber Company of work 
performed for the Wright Air Develop- 
ment Center on the compatibility of 
UDMH and other fuels with elastomeric 
compounds,!* 19 16 


Abstract 


Extensive laboratory tests on the compati- 
bility of metals, elastomers and _ plastics 
with unsymmetrical dimethylhydrazine 
(UDMH) are summarized. Materials serv- 
ice history obtained during six years’ plant 
production is also reported. UDMH was 
found to be compatible with almost all 
metals. Elastomers and plastics which are 
compatible with UDMH include butyl rub- 
bers, Hydropol-T, Teflon, unplasticized 
Kel-F and polyethylene. 4.4.8 


Physical Properties as Related to 
Materials Compatibility 

A list of physical and chemical prop- 
erties of UDMH of interest to the corro- 
sion or materials engineer are given in 
Table 1. UDMH is a pure compound 
with the structural formula (CH,),.NNH.. 
Chemically it is a weak organic base,!7 
pK» = 6.8, but exhibits basic attack on 
reactive metals such as aluminum only in 
water solutions. Because UDMH is a hy- 
groscopic material it must be stored in a 
closed system to prevent pick up of mois- 
ture from the atmosphere. UDMH is also 
a good reducing agent and reacts slowly 
with the oxygen in air to form dimethyl- 
methylene hydrazine, (CH,), NN = CH,, 
and minor amounts of a number of other 
compounds which may _ include dinao- 
methane, ammonia and polymethylenes. 
This is a secondary reason for poem 
UDMH nitrogen blan- 
ket. (The primary reason is the flamma- 
bility of UDMH discussed below.) Car- 
bon dioxide cannot be used for blanket- 


UDMH to 


storing under a 


ing because it reacts with 


form a carbazate salt.!® 
UDMH is an endothermic compound 


with a heat of formation (4H) of 


TABLE 1—Physical Properties of UDMH 


Property 
Molecular Weight 
Density 


Freezing point 


Vapor pressure 
Viscosity. 

Flash point 
Flammability limits, 


Tag closed cu 
Temp 


Flammability limits, Conc. 
Spontaneous ignition in air 
Spontaneous decomposition in Nz 
Shock sensitivity 


Critical temperature 
Critical pressure 

Heat of Formation (AH) 
Heat of Combustion (AH) 


Basicity, pKt 

Dielectric constant 

Hydroscopicity, 24 hrs. at 27¢ 
Relative Humidity 


and 70% 


Solubility, in water 
Solubility, in ethanol 
Solubility, in kerosene 


60.08 

0.784 g/ml at 25C 
Boiling Point. . 63C 

57C 71F 


157 mm at 25C 


Metric Units English Units 


60.08 
6.64 lb/gal at 60F 
146 F 


98 mm at 60F 


0.51 cps at 25C 
1C 
15C to 60C 


2 to 100% 
250C 


> 600C 


Not detonable even with 
100 g tetryl charge 


250C 
53.5 atmospheres 
74 Keal/mole at 25¢ 
174.11 Keal/mole 
at 25C 


6.8 

3.8 

0.4 wt. % H2O 
200 ml sample 


Completely miscible 
Completely miscible 
Completely miscible 


0.59 cps at 60F 
34F 
5F to 140F 


2 to 100 vol. ¢ 

482F 

1112F 

Not detonable even with 
100 g tetryl charge 


482K 

786 psia 

381 BTU/Ib at 77F 
14,200 BTU/Ib at 77F 


6.8 

3.5 

0.04 wt. % 
sample 


51 Gal 
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Figure 1—Aluminum strips after exposure to UDMH-water solutions for seven days at 63 C (front side). 


+ 12.735 Keal per mole at 25 C. Never- 
theless it is a surprisingly stable com- 
pound with a decomposition temperature 
greater than 600 C or 1112 F° and a 
spontaneous ignition temperature in air 
of 250 C, or 482 F. For all practical 
purposes it is insensitive to shock, since 
it is not detonated even by a 100g tetryl 
charge. However, UDMH has very wide 
flammability limits in air, (i.e., 2 to 100 
percent). To avoid possible ignition 
by static or other spark sources, it is 
almost always handled under a blanket 
of nitrogen gas. 

UDMH is completely miscible with 
both polar (water, ethanol) and non- 
polar (hydrocarbon) solvents. UDMH is 
unique in these solvent properties among 
currently used rocket fuels. Therefore 
finding elastomers, sealants and lubricants 
compatible with UDMH has been a 
somewhat greater problem than finding 
metals compatible with UDMH. Many 
butyl rubbers, Teflon, polyethylene, and 
some unplasticized Kel-F’s have been 
found satisfactory. 

On the basis of the physical and 
chemical properties of UDMH described 
above it might be anticipated that the 
reducing action of UDMH might lead 
to reaction with metal oxide coatings 
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such as copper oxides, especially at ele- 
vated temperatures. Also the combination 
of hygroscopicity and weak basicity 
might be expected to cause corrosion of 
electronegative metals such as aluminum, 
magnesium and zinc. As described below 
UDMH_ in aqueous solution does attack 
aluminum, but all these metals are com- 
patible with anhydrous (commercial) 
UDMH. 

Electrolytic corrosion has not been 
studied here, but it could be expected 
to be very low in anhydrous UDMH 
because of the low conductivity of 
UDMH. Moisture pick-up would of 


course promote electrolytic corrosion. 


Laboratory Corrosion Tests 
Metals 


Corrosion rate determinations were 
made on a number of metals using test 
coupons approximately 2” x 3” x Ye". 
In yeneral exposure tests were for 28 
days at 30 C and 7 days at 63 C(UDMH 
reflux temperature). The 30 C samples 
were completely immersed in UDMH. 
The 63 C samples were immersed to a 
depth of 14%” in the liquid. In a few 
cases, the UDMH was assayed before 
and after the test, to confirm that the 
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TABLE 2—Aluminum Alloys—Com, 
with UDMH vy 


——:, 


Corrosion Rate, Ipy 
| 28 Days | 7pac 
at 300 | ata 
(86F) (146F) 
1100-H14 <.0001 | <p, 
1260-H14........ <.0001 = 
2024-T3.. me <.0001 | <‘0091 
3003-H 14 <.0001 | <000; 
3004-34. | = 0005 | oo 
5052-H34. .0003 <i 


-0001 .0003 
0001 ‘000 





6061-T6. . .0002 ) 
6063-T6. <.0001 <0 
7075-T6. . <.0001 | <0; 
Ae .0004 0010 

a -0009 0016 





TABLE 3—Mild and Stainless Steels— 
Compatibility with UDMH 

ie —<—=== 

Corrosion Rate, IPY 

| 28 Days | 7 Days” 
| at 30C at 63C 
(146F) 


Alloy 


Mild Steel <.0001 
4130.. <.0001 
A 286.. <.0001 

<.0001 





.0001 
<.0001 
<.0001 

0001 

0013 0001 

0003 .0001 
<.0001 
<.0001 <.0001 

<.0001 | <.0001 
Hastelloy » Mo).. “0001 <.0001 
Hastelloy X (9% Mo).. <.0001 <.0001 
Hastelloy C (1 <.0001 <.0001 
Hastelloy B (28% Mo) <.0001 <.0001 





test conditions had no effect on the sta- 
bility of the UDMH. 

Of the 41 alloys tested, none showed 
any appreciable corrosion rate after ex- 
posure to anhydrous UDMH at 30 
and 63 C. No change was found in 
UDMH assay within the accuracy of the 
analytical method. The metals shown to 
be satisfactory in these tests included 
pure aluminum and its alloys, the 300 
series stainless steels, 416, 422, A286, 
4130, 15-7 PH and 17-7 PH steels, Has- 
telloys B, C, F, and X, commercially 
pure titanium and its alloys C120 AV 
and B120 VCA. The data which are 
given in Tables 2, 3 and 4 show that 
most of the wrought alloys had corrosion 
rates of 0.0003 ipy or less. 

Because of the mild basicity of 
UDMH,, it was anticipated that UDMH- 
water solutions would attack aluminum. 
To confirm this, test coupons of alum 
num alloy 1260-H14 were exposed to 
UDMH—deionized water solutions at 3 
G and 63 GC. Corrosion rates could not 
be calculated because most of the sam- 
ples gained weight. The scale buildup 
was proportional to the water content 
of the UDMH. The maximum scale 
buildup observed was estimated to be 
about 0.005 inch per year. Figure | shows 
the aluminum test strips after 28 days 
exposure to anhydrous UDMH, UDMH- 
water solutions, and to deionized water. 
It is seen that the aluminum was ual 
fected by anhydrous UDMH and most 
severely attacked by the deionized water. 
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TABLE 4—Miscellaneous Alloys—Compatibility with UDMH 


Time 
(Days) 


Alloy 

a 

Titanium A-5é 
Titanium A-5¢ ; 
Titanium C-120 AV. 
Titanium C-120 AV 


Titanium B-120 
Titanium B-120 


Inconel. . 
Magnesium 
Monel. 
Copper 


Red Brass 


Plastics and Elastomers 

Plastics and elastomers were evaluated 
ying standard ASTM dumbell samples. 
These were completely immersed in 
anhydrous UDMH for 28 days at 30 C 
and in the case of the more promising 
materials, for 7 days at reflux tempera- 
wre. Following exposure, samples were 
rested for changes in weight, thickness, 
hardness, tensile strength, and_ percent 
dongation. Of the more rigid plastics, 
Teflon, Mylar A, Kel-F 300, and Dapon 
showed excellent resistance to UDMH. 
However, Kel-F 800 and polyvinyl alco- 
hol completely dissolved in less than 2 
hours at room temperature. 


Service Experience 

In the spring of 1954, the Chlor-Alkali 
Division of Food Machinery and Chem- 
cal Corporation built and started opera- 
tion of a semi-commercial plant for pro- 
duction of UDMH within a period of 
ily six weeks. This tight schedule per- 
mitted making only minor additions and 
revisions to an existing general-purpose 
hemical pilot plant, which was fabri- 
ated of Pyrex glass pipe, glass-lined 
eel and stainless steels (304, 316 and 
47). Teflon and polyethylene gaskets 
were shown to be relatively unaffected 
immersion in UDMH and were there- 
tre employed in this operation. This 
plant was operated for a period of two 
years and the replacement materials of 
onstruction were changed during this 
me to less costly materials, such as 
mild steel instead of 304 stainless for 
‘torage and shipping containers, and 
polyethylene and Garlock 735 and 900 
in place of Teflon for gaskets. The ICC- 
C-304 stainless steel, returnable drums 
mployed for the initial shipments of 
UDMH_ were replaced with ICC-17C 
mild steel, non-returnable drums in 1955. 
In early 1956, FMC started operation 
1a commercial size plant for UDMH 
at its Baltimore location. The capacity 
f this plant was tripled in 1958. In this 
oginal Baltimore plant and in all its 
‘xpansions, mild steel has been employed 
or the final purification-distillation unit 
and for all product storage and handling 
lacilities, Mild steel tank cars have been 
‘uccessfully employed for shipments of 
UDMH or blends (with diethylene tri- 
imine, DETA) since the fall of 1956. 
hese welded steel tank cars are fitted 
with Teflon gaskets and employ top un- 


28 | 30 <.0001 


Test Conditions 


UDMH 
Assay 


Corrosion 
Rate, ipy 


0002 


Temp., 
Degrees C 


7 | 63 


28 30 <.0001 
< 


7 63 .0001 
Before 98.8 
After 98.8 


<.0001 
<.0001 


63 
Before 98.8 
After 98.8 


Before 99.! 
After 99. 
Before 99. 
After 99. 
Before 99.: 
After 99. 
Before 99.: 
After 98.‘ 
Before 99.° 
After 99.5 


<.0001 


0003 


loading through steel cocks with Teflon 
sleeves. Bulk storage facilities include 
5,000 and 10,000 gallon mild steel storage 
tanks. 


Metals 

Tests were completed recently on the 
long term storage of UDMH in mild 
steel 55-gallon drums at outdoor ambi- 
ent temperatures (Baltimore, Maryland 
for 18 to 25 months.1 In summary the 
tests showed that UDMH after storage 
for this period was still clear and color- 
less and met the requirements of military 
specification MIL F-25604B, 12 Septem- 
ber 1958. There was no build-up of pres- 
sure during this storage period, and 
close inspection of the drums at the 
completion of the tests showed no in- 
ternal corrosion of the drums (Figure 2 

Confirmation of the good storability 
of UDMH in 55-gallon steel drums has 
been obtained at Wright Air Develop- 
ment Center. WADC personnel have re- 
ported verbally that they stored six 55- 
gallons drums of UDMH at 140 F for 
three months and then at 160 F for an 
additional two months. The six 55-gallon 
drums under test consisted of two clean 
mild steel drums, two rusted mild steel 
drums, and two clean stainless steel 
drums. There was no pressure build-up 
in any of these drums during the five 
month test period. WADC._ personnel 
concluded that the mild steel drums were 
equally as good as stainless steel drums 
for storage of UDMH even at elevated 
temperatures. 

Information on the long term storage 
of UDMH in aluminum (alloy 1100) 
containers was obtained in cooperation 
with a customer who was loading 1.07 
pound quantities into the small alumi- 
num bottles which are employed to 
charge the Nike-Ajax with a hypergolic 
starting slug. 

After 18 month storage in the alumi- 
num bottle, the UDMH developed a 
light yellow color, but otherwise met all 
the military specifications. (Color devel- 
opment is usually attributable to slight 
air oxidation.) Very recently, the Naval 
Ordnance Test Station has reported that 
they successfully stored UDMH in alu- 
minum for three years in a canned liquid 
rocket engine.?° 

Materials of Construction 


Employed by Missile Manufacturers 
Although mild steel equipment is used 


COMPATIBILITY OF MATERIALS WITH UNSYMMETRICAL DIMETHYLHYDRAZINE ROCKET FUEL 


Figure 2—Inside and head of Drum No. 2 after 
storage of UDMH for 18.5 months. 


almost exclusively for manufacture, 
handling and shipping of UDMH, mis- 
sile manufacturers have employed either 
stainless aluminum alloys be- 
cause of their greater strength to weight 
ratio. Ground handling equipment has 
also normally been fabricated of stainless 
steel (usually 304) or aluminum to min- 
imize atmospheric corrosion problems, 
and in some cases provide air transporta- 
bility. Information published in the open 
literature on materials of construction 
employed with UDMH in unelassified 
missile applications is described below. 


steels or 


Bomarc-A 

This missile employs a liquid rocket 
booster engine using as fuel a mixture 
of 40 percent UDMH and 60 percent 
JP-4 (kerosene) sometimes called “JP-X 
Fuel.” The rocket sled version of the 
Bomare engine employs 6061-T6 alumi- 
num for the propellant tankage.*? The 
ground handling truck tankage is made 
of 347 stainless steel and commercial 
tank trucks of 304 stainless have been 
employed to transport the fuel mixture 
to the Bomarc 


Vanguard and Thor-Able 

The second stages of the Vanguard 
and Thor-Able missiles employ the Aero- 
jet-General Able engine using 100 per- 
cent UDMH as the fuel. Both the UDMH 
missile tankage and the fueling trailer 
tankage constructed of stainless 
steels.?2 


Nike-Ajax 

This missile employs 100 percent 
UDMH as a starting “slug” and a mix- 
ture of 17 percent UDMH—83 percent 
JP-4 (M-3 fuel) for the sustainer engine 
fuel. Both fuels are packaged in alumi- 
num containers holding a “unit” charge 
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TABLE 


Test Conditions 


Time, 
Days 


Temp., 
Material 
Dapon B887-106B.. 28 30 0 
Kel-F 300. . 28 30 0 


Kel-F 800 30 
MylarA.. ‘ 25 30 
Polyvinyl alcohol.. 19 


Teflon, os... 28 30 
Butyl Rubbers: 
Firestone 
Rubber D432 
Parker 37014. 
Precision 
Rubber 925-70 
Stillman 
Rubber 613-75. . 
Thiokol C-55935. 


Kel-F 5500 


Polyvinyl chloride 
Tygon 3603) 


Silicone DC 152 
Buna N.. 
Hydropol T... 


TABLE 6—Sensitivity of UDMH and Hydra- 
zine to Copper and Molybdenum Oxides 


Observation 


Oxide Hydrazine | UDMH 


Molybdenum 
oxide (MoOs) 

Cupric oxide 
wire (CuO). 


| No visible 
effect 
No visible 
effect 


Immediate ignition 


Vigorous reaction- 
much fuming, but 
no fire 

Immediate reaction 
Ignition after 30 
seconds 


No visible 
effect 


Cuprous oxide 
powder 
Cu20) 


‘Le., the 1.07-lb. hypergolic starting slug 
is packaged in an 1100-aluminum bottle 
and the M-3 fuel in a 9-gallon drum 
constructed of 5052 and 6061 alumi- 
num.** 


Jupiter-C 

The Army’s Jupiter-C missile which 
placed the Explorer satellites in orbit 
employed a fuel mixture of 60 percent 
UDMH and 40 percent diethylene tri- 
amine (DETA) in the first stage. 

The first stage of this missile was an 
elongated Redstone missile which nor- 
mally employs 75 percent alcohol as 
fuel. The 60 percent UDMH-40 percent 
DETA fuel gave a higher thrust which 
was essential for success of the satellite 
missions. The 60 percent UDMH-40 per- 
cent DETA (U-DETA Blend) was sub- 
stituted directly for the 75 percent alco- 
hol fuel with no changes in hardware. 
Information on the compatibility of the 
aluminum (anodized 2014, 2017, 2024, 
6061, 7075 and 356) and 18-8 stainless 
steel components of this missile with 
UDMH and the U-DETA Blend _ has 
been reported by W. A. Riehl.1*?4 The 
Army’s 5000-gallon tank trucks em- 
ployed to transport the U-DETA Blend 
from the railroad tank cars to the 
launching pad were constructed primar- 
ily of 5052-aluminum in order to be 
air-transportable.1° 


Bullpup and Sparrow 
The Reaction Motors Division of Thi- 
okol has developed pre-packaged liquid 
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| Weight 
| Change | Change | 
|Degrees C| Percent | Percent 


| Hardness 
Initial | Final | 
Duro A Duro A | Change, | 
Points Points Percent 


| Volume 


ig 
| oO | 95 96 


samp 


Initial | 


5—Plastics and Eiastomers—Compatibility with UDMH 


Tensile Strength 


Ultimate Elongation 


Final 
psi | psi 


Change, 


Change, 
Percent | Final | Poems 
ae ——e 


le completely dissolved 


sample completely dissolved 


1543 nae 
S388 ] 

| 10 
1222 


1089 


samples completely dissolved 


sample 


sample 


completely deteriorated 


completely deteriorated 


sample severely swelled 


rocket engines which are to replace solid 
motors now used in Bullpup and Spar- 
row III.2° UDMH is one of the com- 
ponents of the “mixed amine fuels” em- 
ployed in these engines. The fuel tank- 
age for these missiles is fabricated of 
6066-T4 aluminum. 
Rascal and Agena 

Bell Aircraft has employed UDMH 
as hypergolic igniter in its Rascal missile 
and as a primary fuel in its Agena rocket 
motor employed in the Discoverer satel- 
lite program. They have employed 
mainly aluminum alloys for construction 
of parts contacting UDMH.?6 


New Missile Developments 

The Naval Ordnance Test Center has 
recently published their work on 
“canned” liquid rocket engines?® and on 
a variable thrust rocket engine.*? 
UDMH has been shown to be one of 
the best fuels available to date for both 
these systems. It has also been an- 
nounced very recently that both the 
Aerojet and Bell Aircraft UDMH rocket 
engines have been converted to “re- 
startable” systems. The corrosion prob- 
lems in these newer systems are minor 
since they involve adaptation of alumi- 
num and stainless equipment of proven 
serviceability. 

Conversion of large liquid missiles 
from cryogenic propellants to storable 
propellants has been under consideration 
for some time. The excellent compati- 
bility of UDMH with all the stainless 
steels and high-strength aluminum alloys 
employed in these missiles has placed 
UDMH at the top of many lists of 
recommended storable fuels. 


Summary 


Mild steel, stainless steels, aluminum 
alloys and titanium alloys are suitable 
metals for storage of anhydrous UDMH 
rocket fuel for periods of at least three 
years. However, aqueous solutions of 
UDMH attack aluminum alloys. 

The unique solvent properties of 


UDMH completely soluble in both 
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2431 


polar and non-polar liquids) limit the 
plastic and elastomeric materials which 
may be used as materials of construction. 
Teflon, polyethylene, Dapon, Mylar A 
and Kel-F 300 are suitable semi-rigid 
plastics under ambient conditions, Many 
but not all butyl rubbers and Hydropol 
T appear to be the best elastomeric ma- 
terials for with UDMH. Most sili- 
cone rubbers, Buna N rubbers, plasticized 
fluorocarbon elastomers (Kel-F 5500 
and polyvinyl chloride plastics are 
grossly attacked by UDMH. 

It is planned to continue to evaluat 
new materials for use with UDMH as 
they are brought to the authors 
attention. 


use 
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DISCUSSION 


Question by Earl L. White, Columbus, 

Ohio: 

What is the effect of UDMH on cop- 
per alloys? Is there any catalytic effect 
by copper on molybdenum which tends 
to break down UDMH? 

Reply by Paul Derr and Charles Raleigh: 

At normal storage temperatures neither 
pure copper nor molybdenum show any 
appreciable decomposition of unsym- 
metrical dimethylhydrazine. In one test 
at Food Machinery and Chemical Cor- 
poration, UDMH was boiled for 47 
hours in the presence of a copper strip. 
The concentration of the UDMH 
99 percent before and after the test 
period, There was a trace of red _ sedi- 
ment (believed to be finely divided cop- 
per metal formed by reduction of the 
copper oxide surface of the test speci- 
men) in the UDMH at the end of the 
test. The weight loss of the copper strip 
corresponded to a _ corrosion rate of 
0.0003 ipy. In a similar test with red 
brass no corrosion was observed and 
there was no change in UDMH concen- 
tration after two days in boiling UDMH. 


was 


Any discussion of this article not published above 


will appear in June, 1961 issue. 
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We have also conducted tests with 
molybdenum pellets immersed in UDMH 
for 28 days at room temperature. The 
UDMH initial and final concentration 
was 99.6 and 98.7 percent respectively. 
The corrosion rate was calculated to be 
0.0013 ipy. Similar tests with high mo- 
lybdenum alloys (Hastelloy B-28 percent 
molybdenum) showed no change in 
UDMH concentration and a corrosion 
rate less than 0.0001 ipy. 

Beaker were made to estimate 
the relative sensitivity of hydrazine and 
UDMH to decomposition by oxides of 
molybdenum and copper. 0.5 g of the 
oxide was placed on a watch glass and 
5 drops of fuel added to the oxide. The 
mixture from behind a 
glass explosion shield. The tests were 
discontinued if no evidence of reaction 
was noted in 5 minutes. The results are 
shown in Table 6. 


tests 


was observed 


It was concluded that the UDMH 
was much less sensitive to decomposition 
by these chemicals than hydrazine. How- 
ever, since the latter tests were of very 
short duration (5 minutes), we do not 
know what effect these oxides might 
have on UDMH decomposition on long 
exposure, 

More extensive copper 
molybdenum are in progress. 


tests of and 





Part 4—Wrought Iron 


Corrosion of Metals in Tropical Environments” 


By C. R. SOUTHWELL, B. W. FORGESON and A. L. ALEXANDER 


Introduction 

een of long-term studies was 
L initiated in the Panama Canal Zone 
in 1946 to establish the corrosion rates 
of approximately fifty different metals 
and alloys in five natural tropical en- 
vironments. These environments include 
sea and fresh water, continuous im- 
merison, mean tide, and marine and 
inland atmospheres. Earlier reports in 
this series” * have described in detail 
the methods and procedures used. Also, 
results from the eight-year exposure have 
been reported for five pure (unalloyed 
metals’ and for ten structural steels, both 
exposed to the atmosphere* and sub- 
merged.* 

There has been considerable specula- 
tion regarding the corrosion of wrought 
iron in comparison with modern structu- 
ral steels. Although there is much evi- 
dence of excellent service from old 
French wrought iron structures in 
Panama, quantitative data on the corro- 
sion rates of wrought iron compared to 
steel in these tropical environments is 
unavailable and was naturally unattain- 
able from examination of the enduring 
structures. Therefore, it was considered 
desirable to include wrought iron in all 
phases of this corrosion investigation. 

This report evaluates, from results of 
controlled studies, the comparative corro- 
sion rates of modern Aston-process 
wrought iron and structural steel, in five 
tropical environments. Ten structural 
steels of different composition were in- 
cluded in the complete investigation; 
data describing the comparative corro- 
sion resistance in these same environ- 
ments have been published in previous 
reports of this series.” * In this report, 
data for several of these steels will be 
included for. comparison with wrought 
iron. Since the price of wrought iron 
equals or exceeds the price of any of the 
structural steels, selection of a refer- 
ence material was not dictated by eco- 
nomic considerations. In atmospheric 
**° the high corrosion resistance 
of proprietary low-alloy steels has been 
established and since four steels of this 
type were included in this study, 
wrought iron is compared with this group 
of low-alloy steels in the atmosphere. 
Underwater corrosion studies* revealed 
that mild unalloyed carbon steel is equal 
or superior to steels containing low per- 
centages (less than 5 percent) of alloy- 
ing elements, and therefore this mild 
steel was selected as the reference ma- 
terial for comparing durability of 
wrought iron in the immersion tests. 


% Submitted for publication December 21, 1959. 
A paper presented at the 16th Annual Con- 
ference, National Asseciation of Corrosion Engi- 
neers, Dallas, Texas, March 14-18, 1960. 
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Abstract 
This paper discusses the corrosion of Aston 
process wrought iron when exposed to five 
natural environments in the tropics. Data 
are reported covering an exposure period 
of eight years during which the metal was 
immersed at mean tide and continuously 
in fresh water and in the sea. Data are 
presented also from atmospheric exposures 
including both marine and inland atmos- 
pheres. Results indicate that corrosion 
(measured by weight loss) in fresh water 
is about equal to that which occurs at 
mean tide, while corrosion proceeds at the 
greatest rate during continuous immersion 
in the sea. Millscale on wrought iron ac- 
celerates pitting most severely on metal 
immersed continuously in the sea, although 
to a lesser degree than structural steel 
similarly exposed. It is suggested further 
that during the earlier exposure of wrought 
iron and mild steel to tropical water there 
is little difference in the rates at which 
the two metals corrode, After eight years, 
however, the steel shows a_ significantly 
greater weight loss, The corrosion of me- 
tallic couples of wrought iron and carbon 
steel in both fresh water and sea water is 


discussed. 4.2.7 


Test Conditions 
Exposure Environments 


At the Gatun Lake and Fort Amador 
water immersion sites, the water was 
sampled at the elevation of the exposure 
racks each March (during the dry sea- 
son), May (beginning of the wet season), 
and November (end of the wet season) 
during the period May 1946 to March 
1951. These data were summarized for 
each of the sites and are presented in 
Table 1. 

At the atmospheric 
sampled during the period between May 
1947 and November 1950. Samples were 
taken continuously, by aspiration me- 
thods, using distilled water as an absorb- 
ent to collect airborne materials. Analysis 
of this absorbent water was made three 
times a year, January to April inclusive 
(dry season), May to August inclusive 
wet season), and September to Decem- 
ber inclusive (wet Summaries 
of these analyses showing the constitu- 


sites, air was 


season 


ents of the air considered significant to 
corrosion, are presented in Table 2, 

Sufficient meteorological data were 
collected at each of the test sites to ep. 
able a correlation between these data and 
data taken at proximate locations by the 
Panama Canal Company, Section of Hy. 
drography and Meteorology. Earlier te. 
ports in this series” * * contain these data 
with daily variations in temperature and 
humidity for a representative week dur 
ing the wet season and dry season. The 
dry season is approximately five months 
long (December to May). 


Metals and Methods 

Sufficient samples were provided 9 
that ten replicates of each metal were ex- 
posed in each environment. This enables 
the removal of duplicate panels from 
each location after one, two, four, eight, 
and sixteen years’ exposure. The cheni- 
cal composition of the wrought iron and 
structural steels included in this report 
is presented in Table 3. 

Uncoupled samples intended for ex- 
posure at the water immersion sites were 
9 inches square and %_ inch thick 
Coupled samples were 9 x 9 x % inch 
plates to which 2 x 9 x % inch strips 
were bolted. A component view is shown 
in Figure 1. Before exposure, all were 
solvent cleaned and vapor degreased in 
trichloroethylene. They were then 
pickled at 170 F + 5 F in 10-percent 
sulfuric acid for 10 minutes, with the ex- 
ception of the carbon steel and wrought 
iron samples that were to be exposed 
with a machined or millscale surface. 

Following pickling, the panels were 
rinsed in water and brushed with a vege- 
table fiber brush. They were then im- 
mersed for ¥2 to 1 hour in 170 F water 
to expel absorbed hydrogen. The test 
pieces were then dried in an oven at 160 
F before being placed in a desiccator for 


Figure 1—-Underwater bimetallic couple sample prior to assembly. 
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cooling prior to initial weighing. Each 
ample was accurately weighed, meas- 
ued, inspected, and photographed prior 
to being installed in its rack, as shown 
in Figure 2. The panels were in contact 
with ceramic insulators only and were 
stented such that the direction of roll- 
ing was horizontal. 

Each rack contained four sets of dupli- 
fate specimens with glass barriers be- 
tween each set and between the terminal 
specimens and the ends of the racks. This 


CORROSION OF 


METALS IN TROPICAL ENVIRONMENTS 


aay, abl 


Figure 2—Typical immersion rack with specimens and glass barriers in place. 


arrangement provided insulation against 
stray electrical currents. The racks were 
located so that no two racks containing 
significantly dissimilar metals would be 
in proximate locations. Each pier posi- 
tion supported an upper and lower rack. 
At the Fort Amador pier in Pacific sea 
water, the two levels were 14 ft. apart; 
the lower rack was located 14 ft below 
mean tide for continuous immersion, 
and the top rack at mean tide elevation, 
several feet above low tide. At the fresh 
water exposure site in Gatun Lake, the 
two racks were submerged continuously 
and located at elevations of 78.3 and 
74.8 ft above sea level; the variation in 
lake-surface elevation between 80 
and 85 ft. 

The samples exposed to the tropical 
atmospheres measured 4 x 8 x 1/16 
inches. Prior to exposure, all of the at- 
mospheric samples were processed in the 
same mannor as those for the immersion 
tests. They were then exposed to the 
atmosphere at Miraflores and Cristobal, 
Canal Zone, mounted on stainless steel 
racks with the specimens held at an angle 
of 30 degrees from the horizontal. The 
exposure area at Miraflores represents an 
inland tropical condition without jungle 
shade, and is approximately five miles 
inland from the Pacific entrance to the 
Canal. The prevailing winds at the Mira- 
flores site are from the inland side and 
north. The racks are on the ground and 
face south. 

The Cristobal test area is in a tropical 
marine atmosphere, as the site is located 
approximately 300 ft from the Carib- 
bean coast and the prevailing winds are 
from the sea. The racks are situated on 
the roof of the Washington Hotel, 55 ft 
above sea level, and face north toward 
the sea. 

Upon removal from exposure, the im- 
mersed panels were cleaned of marine 
growth and heavy corrosion product at 
the exposure sites. The panels from all 
locations were chemically cleaned at the 
laboratory by immersion in 10-percent 
with 1-percent quinoline 


Was 


sulfuric acid 


ethiodide inhibitor. Additional mechani- 
cal cleaning was employed when neces- 
sary. The cleaning loss did not exceed 
{0 mg per sq dm on any of the samples. 
These losses were not large enough to 
warrant correction. Cleaned samples 
were weighed, measured, inspected, and 
photographed. Pit depths were referred 
to the original surface of the metals, 
either by measurement from an uncor- 
roded surface or by calculation using the 
original and final average measured 
thickness of the sample. The average of 
the twenty deepest pits represents the 
average of the five deepest pits measured 
on each side of duplicate specimens (an 
area of 2.25 sq ft for the immersion 
samples and 0.89 sq ft for the atmos- 
pheric samples). The methods of ex- 
posure and evaluation were considered 
in more detail in the first report of this 


: 1 
Series . 


Underwater Corrosion Results 

A comprehensive summary of the re- 
sults of corrosion after one, two, four, 
and eight years’ exposure is presented 
in Table 4. In the case of the immersion 
samples, average penetration is reported. 
For the atmospheric samples, the average 
reduction in thickness is listed. Both of 
these values are calculated from the 
average weight loss of duplicate panels, 
which is presented in the table as aver- 
age g/dm*. The values of penetration 
and reduction in thickness indicate the 
general progression of corrosion over the 
entire surface of the panel. Accelerated 
pitting is considered more significant 
than average weight loss in many ‘types 
of structures, therefore the average pit- 
ting attack and the deepest penetration 
are recorded in this same table. Pitting 
factor is included because of its general 
acceptance and utility in evaluating 
corrosion damage. 

Structures of wrought iron have, in 
some instances, been exceptionally re- 
sistant to underwater corrosion over 
periods of many years. Yet, corrosion 
investigators have been unable to detect 
this same durability in relatively short- 
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© - GATUN LAKE, FRESH WATER, CONTINUOUS IMMERSION 
x - PACIFIC SEA WATER, CONTINUOUS IMMERSION 
4 - PACIFIC SEA WATER, MEAN TIDE EXPOSURE 


term controlled experiments, It js con 
ceivable, then, that wrought iron js much 
more sensitive to variable exposure en- 


8 YR PITTING EVALUATION (MILS) 


vironments than is structural stee] and 
that chance favorable environmental 
conditions -were responsible for the ex. 
tended durability of the enduring struc. 
tures. In this investigation three different 





underwater corrosion environments have 
been evaluated. Figure 3 shows the 





AVERAGE PENETRATION (MILS) 
(CALCULATED FROM WEIGHT LOSS) 


4 





3 


YEARS EXPOSED 


Figure 3—Relative corrosion of wrought iron in fresh water, in sea water, and at mean tide, in the tropical 
waters of the Panama Canal Zone (machined surfaces). 
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Figure 4—Comparison of the effect of millscale and machined surfaces on the corrosion of wrought iron 
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relative corrosion rates of wrought iron 
in the three underwater exposures for g 
period of eight years. 

It can be observed from these curves 
that wrought iron continuously immersed 
in sea water suffered the greatest corto. 
sion damage for the eight-year period; 
it lost 54 percent more weight than the 
fresh water immersion. Wrought iron in 
all three underwater environments was, 
by the eighth year, corroding linearly 
with time; but the rates of corrosion at 
eight years were considerably different 
for the three conditions. Measured by 
the slope of the curves at eight years, the 
corrosion rates were 2.00 mils per year 
in sea water, 1.10 mils per year at mean 
tide, and only 0.07 mil per year in fresh 
water. The fresh water results are of 
particular interest. In this environment 
the initial rate of weight loss was higher 
than for either the sea water or mean 
tide and the total loss continued higher 
through the first four years of exposure; 
however, by the end of eight years corto- 
sion in fresh water had practically ceased. 
It appears that this might be one of the 

SEA WATER MEAN TIDE favorable environments for wrought iron 
Or and a wrought iron structure so exposed 
would, after initial high rate of corro- 

sion, build up a protective film that, if 

not disturbed, could provide a very long 

150 service life. The sea water mean tide and 
sea water continuous immersion curves 
do not show this trend but, rather, pre- 

dict a continued and uniform loss in 

weight of wrought iron for all time in- 

tervals after the first year of exposure. 

Pitting penetration values for eight 

years’ exposure, also presented in Figure 

3, show that the samples continuously im- 

mersed in sea water were the most 

severely pitted, followed next by the fresh 

{UF YH water samples; the lowest pitting was 

MAMS  MAMS found in the mean tide specimens. 
WROUGHT STEEL 

IRON Effect of Surface Condition 

The accelerating effect of millscale 


Ktiitepiaaicmenianmaimntiiin 
a 5 6 . 8 


MA MS $ 


and unalloyed low-carbon steel exposed for eight years in the tropical waters of the Panama Canal Zone. on the pitting of steel immersed in 


TABLE 1—Summary of Individual Analyses of Water Samples Obtained at the Immersion Test Sites 


Sea Water, Pacific Ocean at Fort Amador 


Figure 5— 
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ganic and 
Sulfate. 


Metal 


Upper Rack Level 
Elevation 0.0 Ft. 


Fresh Water, 
Gatun Lake at Gatun 


| 
Constituent or Property Determined Maximum | Minimum | Average 


Lower Rack Level 
| Elevation —14.0 Ft. 


| Maximum | Maximum 


Minimum | Average Minimum | Average 
Electrical Gonductivity 

(mhos x 10-3 at 81 F)... 
Total Dissolved Solids (ppm)... 
Total Suspended Solids (ppm) 
Turbidity (ppm).. ; 


Oxygen Saturation (percent)..... 
Oxygen Consumed (ppm).. ost arate hie 
Biochemical Oxygen Demand (ppm)..... 

pH (colorimetric) . ea 

Organic and Volatile Matter (ppm). . i 10,379 2,150 | 6,226 10,632 
Sulfate (ppm)... ; 3 2.6 3,240 1,590 | S197 3,177 
Chloride (ppm) ‘ . 2. 20,098 } 11,300 | 17,415 

Nitrate (ppm) . . sees Trace 0.01 | 0.00 | Trace 
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CORROSION OF METALS IN TROPICAI 


Figure 5—Wrought iron and mild steel exposed with millscale surfaces in sea water for eight years. 


wa water is well known and has been 
treated quantitatively in a previous re- 
port of this series.” Much less is known 
about the effect of wrought iron mill- 
wale, J. L. Wilson’ states that the mill- 
cale on wrought iron, being less ad- 
herent than millscale, — is 
removed on exposure and the effect on 
pitting from the cathodic millscale is 
uch less than in the 
teel. In these tropical exposure studies 
wrought iron and steel were exposed with 
both millscale and machined 


steel soon 


intense case of 


surfaces. 
Figure 4 compares the effect of mill- 
«ale on the pitting and average pene- 
ration of these two metals in the tropi- 
cal underwater environments. Figure 5 
isa photograph of one of the millscale 
panels of wrought iron and one of steel 
after eight years’ continuous immersion 
in tropical sea water. 

Examination of these figures reveals 
that in continuous sea water immersion 


wrought iron with millscale was some- 
what less severely pitted than the mill- 
scaled steel although penetration had oc- 
curred on both metals (3 perforations 
in the two '4-inch-thick 9 x 9 inch steel 
panels and | in the similar wrought iron 
test pieces). However, the average of the 
20 deepest pits as shown in Figure 4, 
was about 20 percent less for millscale 
wrought iron than for millscale steel. 
The same figure also shows that there 
was no significant effect from the mill- 
scale in either fresh water or in sea water 
at mean tide. 


Comparison with Structural Steel 
Substitution for wrought iron, a well- 
established material of construction, can 
be justified only by a superior and/or 
more economical product. That structural 
can be substituted on the basis of 
both economy and mechanical properties 
is a matter of record. Whether steel can 


steel 


TABLE 2——Summary of Individual Analyses of Air Samples 
Obtained at the Atmospheric Test Sites 


Cristobal Test Site 


Constituent (determined 
in mg per 100 cu. ft.) 

Total Dissolved Solids 5.43 

ganic and Volatile Matter 1.72 0.16 

Sullate, 0.6 0.030 
iloride 0.45 0.035 

Nitrate 0.1 0.00 


0.30 


4 
of 


Maximum | Minimum 


Miraflores Test Site 


Average Maximum)! Minimum | Average 


0.86 
0.34 
0.25 
0.055 
0.040 


0.15 
0.11 
0.011 
0.013 
0.00 


1.70 
0.74 
0.20 
0.23 
0.031 


2.58 
0.69 
1.13 
0.16 
0.12 
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claim, also, an equality or superiority on 
the basis of corrosion resistance has been 
the subject of long debate. At present, no 
steel structures of comparable age exist 
for comparison with the durable wrought 
iron structures. Most of the data which 
have been reported for temperate cli- 
mates reveal no practical advantage for 
either material in resistance to under- 
water corrosion. Speller* has compiled 
the results of a number of evaluations in 
sea water and found generally an insig- 
nificant difference between steel and 
wrought iron. But tests made by J. N. 
Friend® in Ceylon for a 15-year period 
do indicate lower corrosion losses for 
wrought iron than for steel over the 
long term in tropical waters. The ques- 
tions still unsettled concerning these cor- 
differences definitely warranted 
the investigation of the comparative cor- 
rosion of modern-process steel and new 
control-blended Aston-process wrought 
iron in the Canal Zone tropical exposure 


tests. 


re sion 


The mild unalloyed structural steel 
previously reported*® is selected here as 
the reference metal for comparison with 
wrought iron in the underwater tests. Re- 
sults of eight years’ exposure of wrought 
iron are compared with the unalloyed 
structural steel in Figure 6. The time- 
corrosion curves show the progression of 
penetration as measured by weight loss 
for each condition of exposure; the re- 
spective pitting penetrations are tabu- 
lated with each curve. 

The results in fresh water show a 
widening difference in weight loss that 
will probably increasingly favor the 
wrought iron. The comparative rates of 
corrosion at eight years, as indicated by 
the slope of the curves at this time, are 
1.50 mils per year for steel and 0.07 per 
year for wrought iron. There was no 
marked difference in the pitting of the 
two metals in this environment. 

The sea water immersion results indi- 
cate that weight loss from corrosion was 
almost equal for the first four years of 
exposure, but by eight years the weight 
loss of the mild structural steel exceeded 
that of wrought iron by 22 percent. The 
small differences in pitting penetration 
of the two metals in this environment 
were unimportant. It is obvious that 


TABLE 3——Chemical Composition of Wrought Iron and Structural Steels Evaluated 


Metal Type 


i 


Specification 
(Atmospheric) 
ASTM A162-39 
(Immersion) 
ASTM A42-39 


Wrought Iron, 
Aston-Process 


Steel, 
Unalloyed, 
Low-Carbon 


QOQ-S-741 Type II 
Grade A, Class 1 


Steel, 


Low-Alloy 


Proprietary 


Cu-Ni 


Steel, 
Low-Allc ry 


Proptietary 
Cu-Cr-Si 


Steel, 
Low-Alloy 


Proprietary 
Cu-Ni-Mn-Mo 


Steel, 
Low-Alk Vy 


Proprietary 
Cr-Ni-Mn 


for Tropical Exposures 


Composition (Percent) 


Mn P Ss 


0.024 0.117 0.015 


0.038 0.141 0.018 


0.48 0.040 0.027 


0.41 0.C07 0.026 


0.41 0.084 0.026 


0.09 0.73 0.065 0.018 


0.11 0.54 0.086 0.029 


Si 


0.095 


0.098 


0.008 


0.048 


0.50 


0.067 


0.18 


Cr | Ni 


Cu 


0.01 0.007 0.018 


(Trace) 0.006 


0.020 


0.03 0.051 0.080 


0.90 
0.60 0.43 
0.03 


0.59 


0.50 
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TABLE 4—-Comprehensive Corrosion Evaluation of Wrought Iron and Five Structural Steels Exposed to 
Tropical Environments in the Panama Canal 


Zone 


Average 
Penetration 
(mils) * 


Weight Loss 
(¢/dm?) 


2 Yr. 4 Yr. 
29.48 
29.85 


16.10 


Type Metal Exposure 


Lake Water Immersion... 

Sea Water Immersion... 

Sea Water Mean Tide 
Lake Water Immersion... 
Sea Water Immersion. . 
Sea Water Mean Tide... 
Lake Water Immersion... 
Sea Water Immersion... 
Sea Water Mean Tide 
Lake Water Immersion... 
Sea Water Immersion... . 
Sea Water Mean Tide... 


Wrought Iron, Millscale A 


Wrought Iron, Machined A 


Structural Steel, Millscale B 


Structural Steel, Machined B | 


Wrought Iron, Pickled A Seashore... 
Inland.... 

Seashore. . 

Inland 





Low-Alloy Steel, Pickled C 


Low-Alloy Steel, Pickled D Seashore. 
Inland.... 


Low-Alloy Steel, Pickled E Seashore. 
Inland. . 
Seashore 
Inland. . 


Low-Alloy Steel, Pickled F 


and specific gravity. 


short-term tests would have been of little 
value for evaluating the difference be- 
tween the wrought iron and steel con- 
tinuously immersed in sea water. 


At the mean tide location the wrought 
iron showed appreciably less weight loss 
at all exposure periods and the slope of 
the curves at eight years indicates that 
with additional exposure time the curves 
will continue to diverge and _ probably 
an even more favorable position for 
wrought iron would be disclosed. Pitting 
penetration after eight years at mean 
tide was much less for the wrought iron 
than for the unalloyed structural steel. 

During immersion the Aston-process 
wrought iron apparently builds up its re- 
sistance to corrosion very slowly. Exami- 
nation of the data at four years or less 
actually would have shown very little 
advantage for this material. The trend 
of the curves between four and eight 
years does show some advantage for 
wrought iron and if this trend continues 
for the maximum exposure period of 
sixteen years it would help to explain 
why wrought iron has gained its reputa- 
tion for corrosion durability. 


Galvanic Corrosion Effects of Coupling 

with Steel 

The immersion in a conductive elec- 
trolyte of dissimilar metals, coupled so 
that the electrical resistance between 
them is low, provides the necessary con- 
ditions for galvanic corrosion of the 
anodic member of the couple. Complica- 
tions arise from the fact that the nobility 
of the metals will arrange in different 
orders for different electrolytes. Thus the 
anodic member of a couple of metals 
close together in the galvanic series could, 
on exposure to a different underwater 
environment, change and become the 
cathode. The situation is complicated 
further in natural waters by the effects 
of organism attachment and _ protective 
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8.98 


6.36 


corrosion product buildup, both of which 
are functions of time. Possible slight 
chemical variations in materials with the 
same general name such as wrought iron 
and structural steel may also change 
their position in the galvanic series. 

In this long-term investigation a large 
number of dissimilar metals combina- 
tions have been submerged and exposed 
to the atmosphere. Among the combina- 
tions under study were couples of 
wrought iron and low-carbon mild struc- 
tural steel, immersed for a period of 
eight years in Gatun Lake and in the 
Pacific Ocean. The submerged specimens 
were 9 x 9 x % inch plates to which 
were bolted 2 x 9 x % inch strips. The 
combinations considered here consist of 
steel strips bolted to wrought iron plates, 
wrought iron strips on steel plates, and, 
for purposes of comparison, steel strips 
on steel plates. 

Since steel and wrought iron are close 
together in the galvanic little 
effect on the larger plates from the 
smaller area strips was expected or found. 
The galvanic effect on the strips, how- 
ever, was appreciable in sea water and 
was measurable even in fresh water. 
These strip weight losses are plotted for 
the one-, two-, four-, and eight-year ex- 
posures in sea and fresh water (Figure 7). 
Examination of these curves, which relate 
weight loss to time of exposure, shows 
the wrought iron to be anodic to the mild 
structural steel for these conditions of ex- 
posure. Although normal wrought iron 
corrosion has been shown to be somewhat 
less than steel corrosion for these two ex- 
posure conditions (Figure 6), the wrought 
iron strips, when coupled to the steel 
plates, were more heavily corroded for 
all exposure periods than were the steel 
strips attached to wrought iron plates. 


series, 


The fresh water studies, while insignifi- 
cant quantitatively, do show this same 
tendency. Even though the lake water 


is a poor electrolytic conductor the same 
relative anode-cathode relation was found 
as developed in sea water. The portion 
of Figure 7 showing the sea water re- 
sults reveals that the difference here is of 
quantitative significance with the wrought 
iron on steel losing 20 percent of its 
total weight in eight years while a similar 
steel strip on a wrought iron plate lost 
only 8 percent of its total weight. Com- 
paratively, the normal corrosion of these 
strips can be judged by the loss of a 
steel strip on a steel plate of identical 
composition (cut from same plate). 
Strips so coupled showed 13. percent 
weight loss after eight years. 

The normal corrosion of a wrought 
iron strip, although not measured under 
these conditions, can be estimated by 
reference to Figure 6, which shows the 
corrosion of wrought iron vs steel when 
exposed as simple plates. From this, the 
normal corrosion of a wrought iron strip 
‘can be assumed to be somewhat less than 
13 percent, roughly around 11 percent. 
Thus it is shown directly that the steel 
strip was protected by attachment to the 
wrought iron plate and this protection 
reduced its normal eight-year weight loss 
by 34 percent. The corrosion of the 
wrought iron strip was accelerated by 
galvanic corrosion and after eight years 
it had lost approximately 82 percent 
more weight than it would have nor- 
mally, and 138 percent more than a steel 
strip coupled to a wrought iron plate. 


The direction of current flow in thes« 
galvanic-couple tests was not expected. 
LaQue in his excellent qualitative guide 
chart, “Sea Water Corrosion of Galvanic 
Couples,”?° gives the opposite cathode- 
anode relation for wrought iron and steel. 
Speller, in the 1935 edition of his book, 
“Corrosion: Causes and Prevention, : 
cites the exposure of mixed wrought iron 
and mild steel pipe and concludes that 
there is practically no difference in the 
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CORROSION OF METALS IN TROPICAL ENVIRONMENTS 


Pitting Factor*** 


a We. “4 bi ae 














* Pit depths referred to the original surface of the metal either by measurement from an uncorroded surface or by calculation using the original and final average 
measured thickness of the sample. Average of 20 deepest pits represents average of the 5 deepest pits measured on each side of duplicate specimens. (Area, 2.25 


sq. ft. on immersed specimens, and 0.89 sq. ft. on atmospheric specimens); values in parentheses indicate total number averaged when less than 2 


pits. Perforation of plate by deepest pit is indicated by (p). 
*t Ratio of the deepest measured penetration to the average calculated penetration. 


metals, even 
constitutes a 


corrosion of these two 
though the mixed pipe 
wrought iron-steel couple. 


Atmospheric Corrosion Results 

During the first quarter of the 20th 
eitury the corrosion of wright iron in 
natural atmospheres was the subject of 
much discussion and some experimental 
work. The interest was keen because the 
steel age had arrived and steel had re- 
placed wrought iron for many uses; but 
many engineers, knowing the long-lasting 
properties in the atmosphere of some of 
the better made wrought irons, 
doubtful that steel would be equally as 
good in this respect. Many results, no- 
tably those of Hudson'! and Friend,° 
eemed to establish that these hand- 
puddled European wrought irons were 
somewhat superior to mild steels in at- 
mospheric corrosion resistance but they 
also pointed out that differences between 
various brands of wrought iron were often 
more significant than differences between 
wrought iron and mild steel. 


were 


Relative Intensities 

In these studies the U. S.-manufactured 
Aston-Byers-process wrought iron as well 
as several modern U. S.-produced struc- 
tural steels have been tested at a tropical 
inland and a tropical marine atmospheric 
cation, the inland site at Miraflores, 
Canal Zone and the seashore location at 
Cristobal, Canal Zone. 

The difference in corrosion intensity 
of the tropical inland and tropical sea- 
shore atmospheres to wrought iron is 
shown by the two eight-year corrosion- 
me curves in Figure 8. These curves 
indicate that after eight years’ exposure 
“tought iron lost approximately 60. per- 


cent more weight at the tropical seashore 
location than at the tropical inland site. 


Comparison with a Group of 

Low-. Alloy Steels 

A previous report of this series? gave 
complete exposure results on the ten 
structural steels. Here, for comparative 
purposes, a band curve representing re- 
sults of four proprietary low-alloy steels 
has been included (Figure 9). In the 
tropical atmospheres these four 
were among the most corrosion resistant 
of the ten tested. The variations between 
the four are very slight as can be seen 
by the width of the bands, which encom- 
pass, in the shaded area, the results of 
32 specimens, two for each steel at one, 


two, four, and eight vears. 


steels 


It can be seen in Figure 9 that the 
atmospheric corrosion resistance of the 
wrought iron was not nearly as good as 
any of the four steels. After eight years’ 
exposure the wrought iron had lost more 
than twice as much weight in both the 
tropical marine and tropical inland at- 
mospheres as any of the low-alloy steels. 

Eight-year pitting penetration (Table 
4) also is shown to be greater on the 
wrought iron than on the steel. In the 
marine two ‘¢-inch- 
thick wrought iron specimens removed 
at eight years had both perforated where- 
as no perforation occurred on any of the 
four low-alloy steels at eight years; the 
deepest penetration on any surface of the 
steels was less than !32-inch deep. 


environment the 


Conclusions 
1. Eight-year immersion studies of a 
modern controlled-process wrought iron, 
in the tropical waters of Panama, disclose 
that the iron is most heavily corroded 


20 measurable 


when continuously immersed in sea water 
and that weight losses in continuous fresh 
water immersion and at sea water mean 
tide are approximately equal. Pitting 
penetration is lowest at mean tide. The 
data further reveal that at least four 
years exposure is required to reach a 
condition of linear relationship between 
corrosion and time. The slopes of the 
curves at eight years suggest that for 
longer periods of exposure greater diver- 
gence can be expected with sea water 
causing increasingly heavy _ corrosion, 
mean tide of intermediate amount, and 
fresh water relatively less. 


2. Accelerated pitting penetration from 
exposure of samples with millscale sur- 
is apparent only for continuous 
immersion in sea water. In this medium, 
millscale on wrought iron seems to be 
somewhat harmful than steel mill- 
scale, probably because of the poorer ad- 
herence and earlier removal by corrosion. 


faces is 


less 


3. Comparisons of wrought iron and 
mild structural steel exposed in tropical 
water show that for the first four years, 
in both continuous sea water and fresh 
water immersion, there is practically no 
difference between the two metals. After 
eight years the wrought iron weight loss 
is significantly less than that for steel. At 
mean tide the wrought iron shows less 
corrosion damage at all periods of ex- 
posure. The curve shapes indicate that 
even greater differences in favor of 
wrought iron are probable for longer 
periods of exposure. 


+, Coupling wrought iron and steel in 
underwater tests discloses that the 
wrought iron is anodic to the steel in 
both sea water and fresh water. However, 
a quantitatively significant galvanic cor- 
rosion of wrought iron occurs only for 
the sea water continuous immersion ex- 
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Use of Alloy Additions to Prevent 
intergranular Stress Corrosion Cracking 
in Aluminum Bronze” 


By J. F. KLEMENT, R. E. MAERSCH and P. A, TULLY 


Introduction 


HE USE of alpha aluminum bronze 

alloys in chemical processing  sys- 
tems has often been discouraged because 
if stress corrosion cracking susceptibility. 
These alloys have been susceptible to 
two distinctly different types of stress 
corrosion cracking. The first type is 
caused by exposure to ammonia and the 
second by exposure to steam, hot water, 
and hot aqueous solutions which do not 
containammonia. Research has produced 
a model for the mechanism of each type 
of cracking; the use of this model has 
resulted in the elimination of the type 
f stress corrosion cracking caused by 
steam and hot aqueous solutions not con- 
taining ammonia. The approach to the 
elimination of “steam” cracking has 
been through the use of small additions 
to the alloy, which have no detrimental 
eflect on the physical and mechanical 
properties of the alloy. 

The alloy of principal interest in this 
work is an alpha aluminum bronze of 
nominal composition, 7 percent alumi- 
num-2 percent iron-91 percent copper. 
Aside from stress corrosion susceptibility 
the alloy has very favorable corrosion 
resistance and strength for use in manv 
applications. It is produced primarily as 
a wrought alloy and is available in the 
form of bolting material, rod, pipe, tube, 
sheet and plate. The composite strength, 
thermal conductivity, weldability and 
corrosion resistance of the alloy are such 
that the alloy is used under conditions 
of rather high applied and residual fab- 
fication stress. As a result of this. the 
‘tress corrosion problem is of primary 
importance, : 


0 


Theory 

In the model of stress corrosion crack- 
ing mechanisms proposed as a result of 
the previous work,! the type of crack 
path is related to solute or solvent atom 
segregation at grain boundaries, and to a 
much finer degree within the crystal lat- 
tice itself. The atom concentration result- 
ing from segregation suffers selective at- 
tack by the agent and _ this 
log al corrosion under tensile stress results 
in the formation of cracks. This mecha- 
nism speculates that the function of 
‘tress is primarily a mechanical one, re- 
lated to the opening of the crack and the 
‘upture of protective films. 

The cracks formed by the attack of 
‘team on alpha aluminum bronze are al- 
Ways intergranular.t The direct relation- 
ship between cracking susceptibility and 
“uminum content has supported the use 
of a model of equilibrium grain boun- 
dary segregation of aluminum atoms, the 


corrosive 


& Subinitted for publication January 4, 1960. 


Abstract 


The general principles of equilibrium grain 
boundary segregation are applied to form 
a theory on the possible elimination of 
intergranular stress corrosion cracking in 
alpha aluminum bronze in steam. Various 
possible alloy additions are discussed in 
relation to their atom size, solubility, and 
tendency to react with steam. A theoreti- 
cal selection of beneficial additions is made. 
Actual test results on several alloys con- 
taining a variety of additions are pre- 
sented, illustrating good agreement of 
theory and results. The effects of the addi- 
tions on transgranular ammonia cracking 
susceptibility are also discussed. A_ brief 
history of the application of laboratory 
results to field testing and actual applica- 
tion to the product is given. Silen 


oxidation of these atoms by the corro- 
sive steam, and the continual rupture of 
the oxide film at the crack apex because 
of stress. The elimination of cracking by 
steam would then. depend upon the de- 
crease or elimination of the grain bound- 
ary segregation of aluminum atoms. The 
application of equilibrium segregation 
theory? suggests some possibilities in the 
elimination of this type of cracking. Gen- 
eral points worth consideration are: 


1. Grain boundaries can be visualized 
as being made up of a transition lattice 
which is highly distorted, so as to pro- 
duce both dilated and contracted vacant 
atom sites. Solute atoms larger than the 
solvent atoms are attracted by dialated 
vacancies, while atoms smaller than the 
solvent are attracted by 
cancies.® 


contracted va- 


2. The grain boundary segregation 
tendency in solid solutions is related to 
the extent of difference between the size 
of the solute and solvent atoms while 
the extent of segregation is dependent on 
the ratio of the solute concentration to 
its solubility in the lattice.4 


The general idea behind the cure for 
intergranular cracking by alloy additions 
is to produce a situation of substitutional 
segregation (i.e., an element less likely 
to be attacked preferentially by corrosive 
steam is added to the aluminum bronze 
alloy to occupy grain boundary vacancies 
which would normally be occupied by 
aluminum atoms when conditions of 
equilibrium grain boundary segregation 
prevail.) This would reduce the alumi- 
num content of the grain boundaries, 
making the’ boundaries less susceptible to 
corrosive attack. 

The element added to the alloy for the 
purpose of reducing the concentration of 
segregated aluminum atoms at grain 
boundaries should fulfill the following re- 
quirements: 

1. The element added must have 
a high tendency to segregate to the grain 
boundary. The atom size of the element 
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must therefore be different from that of 
copper by as much as possible. More 
specifically, if the segregated alloy addi- 
tive is to displace aluminum at dilated 
vacancies in the grain boundaries it 
should have an atom size equal to or 
larger than that of aluminum. 


2.The element must be soluble in the 
crystal lattice, since precipitated elements 
or phases) would have little if any ef- 
fect on aluminum grain boundary segre- 
gation. 


3. The amount added should 
nificant in relation to the solubility 
the element in the crystals, in order that 
an effective concentration of segregated 
atoms is produced in the grain boundary. 
The exact concentration/solubility ratio 
necessary will vary with each element, 
since it will depend on segregation tend- 
ency condition No. | Therefore, the 
solubility of the element in the crystal 
should be quite limited and preferably 
decrease with temperature if small addi- 
tions are to be effective. 

4. The added element must have a 
relatively low tendency to react with the 
corrosive in question (in this case— 
steam 


Table 1 contains a list of common ele- 
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Figure 1—Typical laboratory stress corrosion tests 
on sheet and weldments of 7 percent Al-2.2 percent 
Fe, balance Cu alloys. 


ments of various atomic size, along with 
data for their solubility (in copper 
and the standard AH for the reaction of 
the element with steam.* 

A review of the data indicates that the 
elements Ag, Ti, Cd, Sn, and Zr should 
fulfill the basic preferential segregation 
requirements of conditions 1 through 3. 
The other elements larger in atomic size 
than copper are either soluble to 
have an adequate segregation tendency 
when present in small amounts, or are 
not soluble enough to produce an effec- 
tive concentration of segregated atoms 
at the grain boundaries. 

The relatively high tendency of Ti and 
Zr to react with steam, as indicated by 
the AH value, would make these ele- 
ments just as detrimental as aluminum 
when segregated at grain boundaries. 
Thus these elements would not be effec- 
tive in preventing intergranular cracking. 

The elements Ag, Cd, and Sn then 
remain as potential beneficial additions 
to the alloy for the prevention of inter- 
granular steam cracking. The use of Cd 
as an addition to aluminum bronzes for 
the purpose of reducing intergranular 
penetration by high temperature steam 
has previously been favorably evaluated 
by Davis,® so that the evaluation of the 
effects of Ag and Sn additions are of 
primary interest in this work. 


too 


Experimental Procedure 


In order to verify all points of the 
theory, alpha aluminum bronze alloys of 
composition 7 percent Al-2.2 percent Fe- 
Balance Cu with .3 percent of various 
alloying elements were made up using 
high purity virgin materials. The addi- 
tives selected for tests included Be, Se, 
=i, As, Cr, Ni, Ag, Sb, Ti, and Sn. 
Slabs 1” thick were cast and hot rolled, 
using cross rolling techniques, to sheets 


2 ” 


316° thick x 10” wide x 11” long. Each 
sheet was then cold rolled about 6 per- 
cent, to produce a hardness of 85 to 90 
Rockwell B. 

Three test strips measuring 5” wide 
and 25%” long were cut from each sheet, 


* Note: The authors have used the AHs as a 
rough measure of reaction potential, since the 
actual value of AGs2sxK (the free energy change 
at 300 F) for the particular circumstances in- 
volved would be difficult to evaluate with any 
degree of accuracy. The model of the metallic 
elements dissolved by the alloy and segregated 
at the grain boundary complicates the calcula- 
tions, and estimation of unknown data would 
probably produce enough error to make further 
calculations pointless. 
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TABLE 1—Solubility Data for Elements 


Solid Solubility® 


Element Atom Size5| Room Temp. | 


3e. 2.2¢ 2% | 
Se 9:95 | 0.001% | 
Si 2.3% 2.5% 

6.9% 


0.004% 
0.001% 
100% 


38% 
8%, 
0.2% 
O% 


1% 

0.2% 
0.1% 
0.5% 
0.3% 


Additive 


Sn 


None 


*On 7% Al 
mately 30,000 psi in 350 F. steam. 


9997 


** Note: Alloy samples containing arsenic were 
cracking during rolling. 


with the length of the specimen perpen- 
dicular to the final cold rolling direc- 
tion. This is the orientation which has 
in the past produced specimens of maxi- 
mum susceptibility to cracking during 
the corrosion test. 

The corrosion per- 
formed as described in the preceding 
articles,:1° using distilled water in the 
steam autoclaves. The tests on samples 
which were apparently crack resistant 
carried out to 3000 hours, 
after which the samples were bent to 
180 degrees to open any invisible incipi- 
ent cracks which may have formed. 

Figure 1 shows a set of typical speci- 
mens after exposure to 350 F saturated 
steam. Specimens | and 3 (left to right 
are parent plate and weldment specimens 
respectively, which contained no tin and 
cracked during a 150 hour test. The 
parent sheet specimen (No. 2) contain- 
ing .25 percent Sn, and the welded speci- 
men (No. 4) which contained .25 percent 
Sn in both parent plate and filler metal, 
showed no signs of cracking when bent 
180 degrees after over 3,000 hours of 
testing. All specimens were stressed to 
the 30,000 psi level. 


stress tests were 


were over 


Test Results 

The results of the tests are shown in 
Table 2. In order to check the results, 
the alloys with additives Si, Ag, and Sn 
were retested, and the data from the 
original test was verified. The bend tests, 
as well as a very complete metallo- 
graphic study, revealed no evidence of 
incipient intergranular cracking in the 
specimens containing tin or silver. 


% Fe—balance Cu alloy containing 0.3% of additive, tested under stress of approxi- 
¢ J 


AH (K cal/mole of element 


Maximum M + XH20>MO, + XHpi8 


2.7% at solidus | 77 
0.016% at 1500 F +59 
5.5% at 1520 F 85 
8% at 1280 F 14 
at solidus —4¢ 
at 2000 F 1 


1050 F 
1440 F 


1200 F 
1630 F 
1000 F 
1000 F 
1800 F 


TABLE 2——Stress Corrosion Test Results* 


Test Results 


All specimens failed within 300 hours, 
All specimens failed within 160 hours. 
All specimens failed within 900 hours. 
All specimens failed within 160 hours.** 


All specimens failed within 160 hours, 
All specimens failed within 160 hours. 
No failures in over 3000 hours. 

Hot short—Cracked during rolling. 


All specimens failed within 160 hours, 
No failures in over 3000 hours. 
All specimens tailed within 160 hours. 


machined on both sides because of medcerate surface 


Discussion 
Intergranular Steam Cracking 


The test results appear to support the 
theory with respect to the beneficial 
effects of the Sn and Ag additions, and 
also in the failure of the majority of the 
other elements to influence intergranulat 
cracking susceptibility. The failure of the 
alloy containing Ti was in accord with 
theoretical expectations. It is assumed 
that the latter condition also will apply 
to zirconium § additions of the 
similarity of this element to titanium. 


because 


The tests on alloys with additives 
smaller in atom size than copper were 
run in an effort to verify the atom size 
requirements. Of the five small elements 
tested, Se, As, Cr, and Ni proved to be 
ineffective, but these results could be 
explained both on the basis of unfavor- 
able solubility characteristics and_ the 
size factor. The addition of both Be and 
Si to the alloy appear to decrease inter- 
granular cracking susceptibility to some 
degree, but in either case the apparent 
immunity to cracking brought about by 
Sn or Ag additions is not produced. The 
beneficial effect of the Be and Si addi- 
tions can be explained using the concept 
of the simultaneous segregation of the 
small Be or Si atoms and the large alu- 
minum atoms, occupying contracted and 
dilated grain boundary vacancies respec 
tively. The effect of the addition of any 
atoms with favorable solubility and cor 
rosion characteristics, but of 
smaller atomic size than copper, could 
then involve: 


reaction 
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|, A dilution effect, in which the sili- 
con (or beryllium ) atoms dilute the alu- 
winum rich grain boundary, thereby slow- 
the rate of aluminum oxidation by 


ing 1 
laws of mass action. 


the 

9 A grain boundary energy effect, in 
which the elastic interaction between the 
sontracted grain boundary vacancies and 
jlicon (or beryllium) atoms results in a 
lowering of the grain boundary energy 
evel, reducing the EMF potential differ- 


once between grains and_ boundaries, 


thereby reducing the driving force for 
intergranular corrosion. 


It is more difficult to explain just why 
the silicon addition has an effect that is 
) much superior to that of the Be addi- 
tion. The data in Table 1 indicate that 
Be has both a more favorable limited 
wlubility situation and greater resistance 
fo steam attack than has Si. Perhaps the 
diference in atomic size, related to the 
satistical distribution of grain boundary 
vacancies might have some effect. Or 
perhaps the data in Table 1, if properly 
corrected to take into consideration the 
thermodynamic and solubility situation 
that actually exists in the alloy, would 
coincide with the test results. 

The effects of the silicon and beryllium 
additions to aluminum bronze forcefully 
demonstrate that, even though the the- 
ny may be correct, a phenomenological 
approach to a testing program of this 
ype may produce unexpected but bene- 
ficial results. In the application of the 
theory to other alloy systems in which 
intergranular cracking could be caused 
by segregating elements, the recom- 
mended approach would involve the test- 
ing of a considerable list of likely and 
borderline additions. A broad testing pro- 
gram is necessary because of the diffi- 
ulty in applying the data, since the data 
itself is subject to significant error and 
an only be used qualitatively. 


Effect of Additions on 
Ammonia Cracking 

While the tin and/or silver additions 
toaluminum bronze eliminate intergran- 
ilar steam cracking, they have little or 
no effect on ammonia cracking. This is 
teasonable because the additions produce 
4 grain boundary effect, and ammonia 
cracks are normally transgranular in this 
alloy, 

In general, the observations on ammo- 
ila cracking in aluminum bronzes coin- 
cide with the results obtained by Wilson 
and his associates in the study of the 
effect of Si additions to cartridge brasses.™ 
\review of this and other cases in which 
small alloy additions have reduced am- 
mona cracking susceptibility in copper 
alloys to any appreciable extent reveals 
that the effect in each case was similar. 
The alloy addition tended to eliminate 
intergranular cracking, but cracking then 
ccurred through the more _ resistant 
fansgranular paths. This resulted in in- 
‘teased resistance, but not immunity, to 
ammonia cracking. 

There is considerable evidence to sup- 
port the authors’ belief that the use of 
mall alloy additions to eliminate. trans- 
sranular ammonia cracking in many 
‘opper alloys is a very remote possibility. 


The authors suspect that a rather sub- 
stantial addition of a high soluble ele- 
ment will be required to influence the 
ammonia corrosion characteristics of the 
many small copper rich areas which form 
crack paths within the crystals. However, 
if an alloy exists which has no transgran- 
ular cracking susceptibility, but is sus- 
ceptible to intergranular ammonia crack- 
ing, the problem could be eliminated by 
a small addition to the alloy. 


Additional Test Work 

The laboratory tests on sheet material 
were followed by tests on weldments of 
the alloys containing 0.3 percent tin and 
silver. The filler materials used were a 
standard 10 percent aluminum-1 percent 
iron-copper alloy, and the same alloy 
with a 0.3 percent tin addition, both of 
which produce duplex (alpha-beta) phase 
weld deposits. The test specimens were 
cut from 4” butt welded plates and ma- 
chined so that the faces of the welds, 
with reinforcements intact, were exposed 
in tension at the center of the speci- 
mens.1° While these weld deposits are 
relatively resistant to steam cracking and 
are known to fail only under extreme 
conditions, the addition of tin to the 
filler metal produced an entire weldment 
which was immune to steam cracking. 
This indicates that the tin addition 
should also impart steam cracking im- 
munity to cast and wrought alpha-beta 
aluminum bronzes, an indication which 
limited testing to date has verified. 

Tests on both parent plate and weld- 
ment specimens conducted 
using acetic acid solutions, salt and sea 
water, sulfuric acid, and caustic soda 
solutions in the laboratory test vessels. 
The results have been found to be identi- 
cal to those obtained in steam. 

The apparent laboratory 
work led to the construction of experi- 
mental pressure vessels of 7 percent alu- 
minum-2 percent iron-.25 percent tin 
sheet material 346” thick which was cast 
and rolled on the production line with- 
out special laboratory supervision. The 
vessels were then tested under simulated 
operating conditions using tap water, salt 
water, and acetic acid solution.’* In ad- 
dition, field tests were conducted wherein 
stressed samples were mounted on corro- 
sion racks and inserted into various 
chemical processing systems. Large cor- 
rosion racks including high stressed sam- 
ples of the tin bearing alloy in plate, 
weldment, and rod form were exposed 
to Atlantic marine atmospheres under 
conditions of constant immersion, alter- 
nate (tidal) immersion and shore line 
spray for a period of two years. All of 
the tests performed to date have indi- 
cated that the alpha aluminum bronze 
alloy containing tin or silver is immune 
to intergranular stress corrosion cracking. 

Figure 2 shows a set of test cooling 
tubes which were inserted under stress 
in the head of one of the test vessels. The 
tubes were extruded and drawn from 7 
percent aluminum-2.2 percent iron-bal- 
ance copper alloy billets, one of which 
contained 0.25 percent tin. The tube 
made from the alloy without tin cracked 
and began leaking after one week of 
operation in 350 F steam, while the tube 


were also 


success. of 


USE OF ALLOY ADDITIONS IN ALUMINUM BRONZE 


Figure 2—Stressed condenser tube samples after 
two months of exposure to 350 F steam in an ex- 
perimental pressure vessel. 


Figure 3—Stress corrosion tests results in fixture 
stressed alpha aluminum bronze condenser tubes in 
350 F steam. 


which contained tin proved to be sound 
after one year of operation. Figure 3 
shows samples from the same aluminum 
bronze tubing materials which were 
stressed in a fixture and set on a baffle 
plate within the pressure vessel. The re- 
sults proved to verify those obtained 
with the cooling tubes. 

The final test, the application of the 
material to requirements has 
also been completely successful to date. 
The addition of tin to the alloy has ap- 
parently eliminated intergranular stress 
corrosion cracking failures.!* 

Stress corrosion cracking were 
also conducted on the tin and silver bear- 
ing alloys using ammonia vapor and 
solutions, and the results indicate that 
the additives have no detectable effect on 
the prevention of (transgranular) am- 
monia cracking. 


customer 


tests 


Conclusions 

The model of the mechanism of inter- 
granular corrosion cracking in 
alpha aluminum bronze has proved use- 
ful in prescribing a cure for the problem 
by small alloy additions of tin or silver 
to the alloy. Additions of 0.2 percent to 
0.3 percent of these elements to the alloy 
produce an apparent immunity to inter- 
granular cracking in steam or other 
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stress 
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oxidizing aqueous acid and caustic va- 
pors. The model also presents a possible 
explanation for the claims of the Davis 
patent? covering the addition of Cd to 
these alloys. The alloy additions do not 
affect the relatively mild susceptibility of 
the alpha aluminum bronze alloys to 
transgranular cracking, which occurs in 
atmospheres containing appreciable 
amounts of ammonia vapor. 
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DISCUSSION 
Comments by Alan S. Tetelman, Depart- 
ment of Metallurgy, Yale University, 

New Haven, Connecticut: 

The authors appear to have oversim- 
plified the problem of intergranular cor- 
rosion by proposing that the answer to 
the problem is related only to the size 
difference between solute and solvent 
atoms and the segregation that results. 
While this point is true, because the 
strain energy of solid solution will be 
lowered when misfitting atoms concen- 
trate in the boundary, there are two 
other considerations which should have 
been mentioned in the general discussion 
of the problem. 

The first relates to the segregation 
tendency of a ternary addition. The grain 
boundary is an internal surface, and as 
such it will have an interfacial energy, 
which tends to make the boundary un- 
stable and accounts for grain growth at 
high temperatures. Therefore, if a solid 
solution contained atoms of the same 
size but of different surface energies, the 
component with the lower surface energy 
would tend to segregate at the boundary 
in order to lower the surface energy of 
the boundary. 

It should also be pointed out that 


will appear in June, 1961 issue. 
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boundary segregation, be it the result of 
size or surface effects, is not the complete 
answer to the problem, for in no cag 
would one expect segregation to be 
complete (because of entropy effects 
that no aluminum atoms, for example 
are located in the boundary region, On¢ 
must still consider, on a qualitative basis. 
the effect that the ternary addition wil] 
have on the activity, and hence reac. 
tivity, of the element with the highes 
chemical potential. ; 


) 


This is quite evident in the alpha 
brasses where catastrophic failures are 
seldom observed until the concentration 
of zinc is greater than 10 percent. This 
fact may be attributed to the large nega. 
tive deviations from Raoult’s Law whict 
exist in the copper-zinc system, and 
imply that zinc is so strongly bound to 
copper that it will not have much desire 
to react with the corroding medium, 
Therefore, large concentrations of zinc 
are required so that the “effective” con- 
centration of zinc will be sufficient for 
a chemical reaction to occur within 4 


reasonable period of time. It may well be 
that ternary additions lower the activity 


of the element with the highest chemical 
potential and hence reduce the amount 
of attack, in addition to their other fea- 
ture of preferentially segregating at grain 
boundaries. 


Any discussion of this article not published above 
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Laboratory Investigation of Water-Side Scale 
And Corrosion in the Presence 
Of High Process-Side Temperatures* 


Introduction 
PREVIOUS paper from this labora- 
tory by Denman and Friedman! de- 

«tibed the use of a small commercial 
cooling tower for the study of corrosion 
in circulating cooling water systems. In 
that paper the results of the use of three 
types of specimens were discussed: steel 
coupons, nipples, and NDHA coil testers. 
It was shown that similar corrosion rate 
results were given by all three specimens 
even though the coupons and coil testers 
were immersed in water whereas the nip- 
ples simply carried circulating water. 
There was no way to measure the effects 
of heat flux through the specimens. Rice,” 
discussing the use of coupons for corro- 
sion measurements in cooling waters, said: 
“\ final and somewhat obvious limitation 

f the coupon procedures is their unsuit- 
ability to heat transfer and, therefore, 
their inability to measure the amount of 
thermally caused deposition.” 

Several attempts have been made to 
measure the effects of high process side 
temperatures on cooling water corrosion 
and scale. Haering® used small wooden 
cooling towers, and circulated the water 

ver electric immersion heaters. Roget 
and Dillont in their NACE Technical 
Committee report suggested the use of a 
pilot cooling tower of 5000 gallons ca- 
pacity, and a test heat exchanger with a 
removable tube bundle which could be 
replaced for each test. They stated that 
the water velocity and temperature con- 
ditons in this exchanger should corre- 
spond to plant conditions as nearly as 
possible. They depended, however, on 
coupons and/or test nipples for most of 
their corrosion data. 

Shields, Sorg, and Stutz® described a 
pilot heat exchanger unit which they used 
it conjunction with small pilot cooling 
towers and a small commercial tower. 
This exchanger was a metal specimen in 
the form of a tube with one end closed, 
inside a borosilicate jacket. Steam was 
sed on the hot side. 

Fisher and Whitney® also published 
‘everal methods for measurement of cor- 
tosion rates under heat flux conditions. 
Their specimens were metal discs. Heat 
Was supplied by the heating unit of a 
large soldering iron. 

An ideal test system for evaluating 
‘orrosion and scale treatments in cooling 
water under high heat flux conditions 
‘hould have the following characteristics: 

.The specimens should be small 
‘nough to be weighed. 


& Submitted for publication February 9, 1960. A 
faper presented at the 16th Annual Conference, 
ational Association of Corrosion Engineers, 
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2. The system should be constructed so 
that a wide range of temperatures, flow 
conditions, and materials of construction 
can be studied. 

3. The specimens should be constructed 
so that scale deposition can be measured 
quantitatively. 

The type of test described in this paper 
goes far toward meeting all of these re- 
quirements. Two types of specimens are 
used. One is a hairpin shaped length of 
4, inch seamless steel tubing mounted on 
a pipe plug by means of compression 
fittings so that it can be inserted into the 
flowing stream of a cooling system. Hot 
fluid is circulated through the tube (Fig- 
ure 1). These specimens can be used for 
quantitative measurements of both cor- 
rosion and scale. 

The second type of 
miniature single tube heat exchanger 
of % inch seamless steel tubing con- 
tained in a shell made of standard pipe 
fittings. Hot fluid is circulated outside 
of this tube while the water flows inside 
it (Figure 2). This specimen is used for 
quantitative determinations, and 
for visual inspection and photographing 
of corrosion and scale conditions. 


specimen is a 


scale 


Experimental 
Preparation and Use of Test Equipment 

Figure 1 is a section through the hair- 
pin tube test specimen. The % inch 
seamless steel tubing has the analysis 
shown in Table }. 

A length approximately 13” long of 
this tubing is bent on a 7%” radius to 
give a hairpin shaped specimen, care 
being taken not to collapse the tubing. 
Two holes are drilled in a 1¥2 inch pipe 


Abstract 


A laboratory method of testing water-side 
corrosion and scale deposition in the pres- 
ence of high process side temperatures has 
been developed. Two types of specimens 
are used: (1) a hairpin of 4 inch seamless 
steel tubing mounted on a pipe plug and 
inserted in the circulating water system, 


and (2) a miniature heat exchanger made 


of % inch seamless tubing and standard 
pipe parts. 

In studies on corrosion rates, and on 
calcium phosphate scale deposition under 
conditions of 130 F water temperature and 
350-395 F hot-side temperatures, it was 
shown that corrosion rates may be in- 
creased up to 8 timessover the rates on 
immersed coupons at 130 F. A_ possible 
method of calculating water-side skin tem- 
peratures is indicated. 

It was shown that the use of, polyphos- 
phate treatments, at residual levels high 
enough to give corrosion protection, leads 
to the deposition of calcium phosphate 
scale. The use of chromate in combination 
treatments reduces the amount of this scale 
deposited, and also appears to reduce the 
amount ot carbonate scale 4.6.1 


plug on 7” centers, and tapped for 4 
inch IPT at both ends. Standard brass 
compression fittings for % inch tubing 
are used to hold the hairpins in place. 
On the outside of the plug the connec- 
tion to a hot oil circulating apparatus 
can be made with compression fittings 
and copper tubing, or by standard 4 
inch pipe. 

In use, the nuts and sleeves of the 
compression fittings are assembled on the 
hairpins and the whole assembly de- 
greased in benzene. From this time on 
the specimens are touched with the skin 
as little as possible. 

The specimens are sandblasted, acid 
etched for 30 minutes in 1:3 hydrochloric 
acid, then thoroughly rinsed with slightly 
ammoniacal water and wiped dry with a 
soft cloth. After drying in a desiccator, 
the specimens are weighed to tenths of a 
milligram. They are then assembled onto 
the pipe plug and are ready for insertion 
into the circulating water system. 

Figure 3 is a photograph of a complete 
assembly. These specimens are screwed 
into 11% inch tees in the circulating water 
piping of the experimental pilot cooling 
towers previously described.1 Two are 
used in each test. 

Figure 4 shows the placement in the 
high temperature portion of the piping 
system leading to the top of the tower. 
Hot fluid is piped to the specimens 
through copper tubing, the usual tempera- 
ture being 350 F. Ucon 50-HB-28OX* is 
used as the circulating fluid. The flow of 
water is toward one specimen, and away 
from the other. Water flow rates vary 
from about 1.5 to 2.5 feet per second, and 
there is considerable turbulence due to 
the presence of the pipe fittings. The 


* Union Carbide Chemicals Co. 
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OT , : TABLE 1—Composition of 1/; inch Seamless 
¢0.D. oc bod ees Steel Tubing 
— SX SSS PS . a : 
teeta Constituent Le ae | Percent : 
Carbon... : Shed TT ae ; 
Phosphorus ; preter 0.016 : 
Sulfur... Bc 0.030 : 
Manganese 0.53 3 
We a a <i / J pn x ‘ — $ i 
one re / , TABLE 2—Typical Compositions of fog 
“ / ny z ee °: ; = 
STEEL TUBE z 0.D. TUBE 14 STANDARD \ ing Water sc aeeiien soma Test Signo Wes 
SOLID PLUG \ — 
\ | Parts Per Million E 
“ COMPRESSION FITTING > Constituent | Towers | ear HE 
i 0.0. TUBE x z MALE I.P.T. Total dissolved solids. . . 1960 | 1810 
Figure 1—Hairpin specimen for use in high skin temperature test (section). Seon ies” : 352 | = 
Bicarbonate (HCOs) 63 
Chloride (C1) 79 | 95 
Sulfate (SO4). weavers 1170 1000 
Silica (SiOz) | rea 
| STANDARD TEE, /\ STANDARD PIPE Hardness (CaCOs).. 1276 | 1030 
\ ff MO alkalinity (CaCOs) ; 44 | 52 
P alkalinity (CaCOs) ..| None | None 
pie 74 | 70 
at We a 7 \ TABLE 3—Composition of '/. inch Seamless 
'x3 REDUCER 3 0.D. SEAMLESS ” STRAIGHT THROUGH Steel Tubing 
STEEL TUBING TANK FITTING | a i 
5 O.D. TUBE x + MALE IPT. Constituent ake sonlaa ion _ blank test at 
Figure 2—Heat exchanger for use in high skin temperature test (section). cess ’ oae 
asa . 039 Ucon was 
and water J 
7 shows tv 
} i, ; in place, b 
before cleaning. Figure 5 shows the typi- screening 
cal appearance of the specimens from a ments. The 
blank run. They are then cleaned by im- ard electri 
mersion in dilute (1:3) inhibited hydro- pumped by 
chloric acid for 5 minutes maximum. Rat a rate 
(The losses of steel from the specimen The temp 
and brass from the nuts are negligible). measured | 
The specimens are then rinsed, dried in inserted i 
a desiccator, and weighed to determine expansion 
the weight loss due to corrosion. ; is providec 
Figure 6 shows the appearance of is being cit 
cleaned specimens. The inhibited acid in parallel 
solution of the scale is made up to 500 the equipm 
ml in a volumetric flask and analyzed fo temperatut 
iron, calcium, magnesium, phosphate, sul- The wat 
fate, etc., according to the type of deposit. these tube 
These figures can be compared with those which are 
given by the analysis of the scale in the tion of co 
tower heat exchanger described above. _ fnal testir 
The miniature heat exchanger type ol ae called 
Figure 4—Two hairpin specimens in place in circu- specimen is shown in section in Figure é Tower) u 
lating system of laboratory pilot cooling tower. The shell of the heat exchanger is made wnthetic vy 
of standard pipe fittings. The tube is a 24 Table 2. A 
inch piece of 1% inch seamless steel tub- idjusted f 
temperature and pH of the water are set ing of the analysis shown in Table 3. 
for each test, and may vary from one run Assembly of the tube into the shell is 
to another. The circulating water has the conveniently made by the use of a } TABLE 4. 
analysis shown in Table 2, corresponding straight-through tank compression fitting == 
to Chicago tap water concentrated about which allows the tube to go all the wa) 
eight times. through. In order to approximate the 
In addition to the hairpin specimens, usual conditions in heat exchange equlp- 
there are 1 inch x 2 inch coupons placed ment, the steel tubing is ordinarily used Te 
in flow chambers and removed in pairs as received, after solvent washing to re- — 
periodically in order to determine corro- move grease and oil. Each tube should 
sion rates. Also at the end of each run, _ be inspected before use to make sure that B24 
the deposits in the tower heat exchanger _ the inside is clean and smooth, and free J —— 
(Bell and Gossett SU43-4 unit with cop- from seams. Tubing of metals other than 8125 
per tubing) are removed by dissolving in steel can also be used. — 
inhibited muriatic acid, and analyzed for This miniature heat exchanger can be 126 
type and amount of scale. used in various ways to study and meas- | —— 
Figure 3—Hairpin specimen for use in high skin At the end of a ten day run the hairpin ure the effect of high skin temperatures} *189 
ey ir tans a specimens are removed and photographed on scale deposition. In these tests hot : 
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figure 5—Typical appearance of hairpin specimens 
ond deposited scale after removal from a 10 day 
blank test at a pH of 7.5. (Before removal of scale). 


Ucon was circulated through the shell, 
and water passed through the tube. Figure 
7 shows two of these heat exchangers E 
in place, being used in conjunction with 
reening tests on cooling water treat- 
ments. The Ucon is heated with a stand- 
ad electric circulating oil heater A, and 
pumped by means of a small gear pump 
Bata rate of about 2 gallons per minute. 
The temperature of the hot Ucon is 
measured by a short-stem thermometer C 
inserted into a tee in the piping. An 
expansion chamber for excess Ucon D 
is provided on top. In the figure, Ucon 
is being circulated to two heat exchangers 
in parallel at a temperature of 350 F. If 
theequipment is properly insulated higher 
temperatures can be obtained. 

The water which is circulated through 
these tubes comes from screening units 
which are used for preliminary evalua- 
tion of cooling water treatments before 
inal testing in the pilot towers. These 
we called SCT (Simulated Cooling 
lower) units, and the analysis of the 
yathetic water used in them is shown in 
lable 2. A continuous flow of this water, 
djusted for pH and with the treatment 


A | Average Treatment 
Test No. Residual (ppm) 
i rf 2 he 


Na Polyphosphate 5 





5-124 Blank 
™ 


: Na2CrO4 35 
| Na Polyphosphate 3 


NaeCrOs 30 
Na Polyphosphate 2 


j 3130 NaoCrOs 35 


Na Polyphosphate 2 


Na2CrO4 12 
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Figure 6—Appearance of hairpin specimens shown 
in Figure 6 after removal of scale. 


added, passes into a stainless steel bucket 
and overflows to waste. The temperature 
of the water in the circulating system is 
controlled by an immersion heater and 
a regulator. 

The water is pumped through a chemi- 
cal glass specimen holder (F in Figure 7 
containing 1 inch x 2‘inch low-carbon, 
cold-rolled steel coupons. Two of these 
coupons are taken out each day, cleaned, 
and weighed in order to study the type 
of corrosion curve given by the treat- 
ment. The same water, passed through 
the tube of the heat exchanger described 
above, deposits scale which is typical of 
the conditions, type of water, and treat- 
ment. 

The flow rate of the water through the 
tube is about 3-4 feet per second. 
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At the end of a ten day test the tubing 
is removed and two 3 inch lengths are 
used for scale analysis. The scale is dis- 
solved out with inhibited acid, and the 
calcium and phosphate determined. Cal- 
cium and phosphate are determined when 
working with deposits which contain 
mainly these two constituents, and re- 
ported as grams of tricalcium phosphate 
per 24 inch length of tubing. Other 
analyses are used for studies on other 
types of scale. Short lengths of the tubing 
are also split in two lengthwise and the 
appearance of the scale and corrosion 
photographed in color. 

Reproducibility of results is only fair, 
but further work with duplicate tests 
will probably allow determination of the 
conditions for better precision. At the 
present time the data are good enough 
to allow qualitative and semi-quantitative 
comparisons to be made. For instance, 
a set of six tests of the same inorganic 
combination with various supplemental 
agents gave from 0.34 to 0.66 grams of 
scale per length of tube, calculated as 
tricalcium phosphate. Any differences in 
this group are probably only qualitative. 
On the other hand, some of the data in 
the tables of results differ by a factor of 
five. Where these differences appear to 
be reasonable in relation to the condi- 
tions of the test, they are probably quan- 
titatively significant. 


Experimental Results 


Hairpin specimens. Table 4 contains 
the results of hairpin specimen tests in 
the pilot cooling towers, in comparison 
with the results obtained from the more 
conventional specimens. Since this work 
is just getting underway, and some of the 
analytical methods are not yet standard- 
ized, the results are only preliminary. 
Table 5 is a spectroscopic analysis of the 
from test B-125. The chromium 
comes from the treatment, and the man- 
ganese from the steel specimens which 
contain 0.53 percent Mn. The deposit is 
mainly products, apparently 
held in place by a matrix of calcium and 
possibly iron phosphates. 


scale 


corrosion 


Heat exchanger specimens. Table 6 
shows the results of blank tests run with- 
out any corrosion or scale treatment in 
the SCT units. Since primary concern 
was over the control of calcium phos- 
phate scales, 2.5 ppm orthophosphate ion 
was added to the water. At a pH of 7.5 
this water has a positive saturation index 


TABLE 4——-Results of High Skin Temperature Tests with Steel Hairpin Specimens in Pilot Cooling Towers 


Scale as Grams | 
Ca Plus Mg Ratio of 
Corrosion Rate at End |———————.— —- Corrosion 
Temperature (°F) of 10 Day Test (MPY) In Tower Rates 
| pH of -;— - Heat | On (Hairpins 
Water Ucon Water | Coupons | Hairpins | Exchanger Hairpins to Coupons) 
130 380 7.0 3.0 17.7 | 5.9 
4 days) 4 days) 
130 365 7.5 45 156 3.5 
130 385 7.5 2.1 13.2 22.5 0.005 6.3 
130 390 7.5 2.2 | 18.0 $2 
130 370 7.5 1.5 6.1 | 28.1 0.022 4.1 
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Figure 7—High skin temperature test set up for circulating water and hot fluid through heat exchange 
specimens. Letter code: A—Electric circulatina oil heater; B—Small gear pump; C—short-stem thermometer; 
D—Expansion chamber; E—Heat exchanger; F—Specimen holder. 


as indicated by the tables published by 
Green and Holmes.’ The result is a de- 
posit consisting mainly of calcium phos- 
phate plus corrosion products. The results 
have been reported in terms of tricalcium 
phosphate. Figure 8 shows the appear- 
ance of the split tubing specimens corre- 
sponding to the tests in Table 6. The 
low solids water used in test No. 133 was 
made up to be equivalent to typical cir- 
culating water concentrated about 3-4 
times with total dissolved solids less than 
1000 ppm. 

Table 7 gives the results of several 
tests with various polyphosphates, and 
Figure 9 shows the appearance of the 
corresponding split nipples. 

Table 8 shows the results of tests with 
chromate and_ polyphosphate-chromate 
combinations. Figure 10 shows the ap- 
pearance of the corresponding split nip- 
ples. 

Table 9 and Figure 11 covers the re- 
sults of tests on zinc-chromate 
combinations. 


some 


Discussion of Results 
Skin Temperatures and their Effect 
on Corrosion 
The so-called skin temperature at a 
heat exchange surface, the actual tem- 


TABLE 5—Spectroscopic Analysis of Scale 
Solution from Test B-125 (DK-2 Flame 









Spectophotometer) 
Milligrams 

Constituent Per Liter 

Calcium § +1 

Sodium 10 +1 

Chromium > 20 

Iron 200 + 20 

Manganese 2+1 
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perature at the interface between the 
metal and the fluid, has always been an 
unknown quantity. Attempts have been 
made to measure this temperature by in- 
serting tiny thermocouples in the metal, 
as close as possible to the surface. The 
author is planning to try the same thing, 
using surface bonded resistance thermom- 
eters. However, neither of these proce- 
dures can yield anything more than an 
approximation to the true temperature. 

As data on corrosion rates measured by 
the use of the hairpin specimens accumu- 
lates, it becomes possible to try a differ- 
ent approach to the determination of skin 
temperatures. This is the use of the tem- 
perature coefficient of the corrosion reac- 
tion itself. This has been reported by 
Fraser, Ackerman and Sands$ to be 1.3 
for each 10 degree Centigrade rise in 
temperature. Denman and Friedman! re- 
ported a figure of 1.5 for this tempera- 
ture coefficient. Further study of the data 
on which their finding was based indi- 
cates that it was closer to 1.4. 

Recent extensive work, using the SCT 
units for studying the rates of blank 
corrosion tests under various conditions 
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of temperature and pH have confirmed 
the average figure of 13. ts Open. test 
equipment the corrosion rate of steel in 
water drops at high temperatures (around 
170 F) due to the decrease in the con- 
centration of dissolved oxygen. In the 
circulating systems however the water js 
freshly aerated at all times and the oxy- 
gen cannot escape during passage through 
the heat exchanger. Under these condi- 
tions the corrosion rates do not decrease 
at high temperatures, but, to a first 
approximation, continue to follow the 13 
temperature coefficient. 

If this temperature coefficient is used 
and applied to the corrosion rate data in 
Table 4, the calculated skin temperatures 
shown in Table 10 are obtained. All of 
these skin temperatures are above the 
boiling point of the water, but the water 
at 130 F is passing over these specimens 
too fast for boiling to take place. If these 
skin temperatures at the metal surface 
are approximately correct, there is a 
temperature drop of 100 to 150 F across 
the thin film of scale and liquid between 
the metal and the body of the water at 
130 F. Pending confirmation by other 
methods of test, the skin temperatures 
calculated for Table 10 must be consid- 
ered merely approximations. 

The corrosion rate figures in Table 4 
and the skin temperatures calculated 
from them emphasize a very important 
fact. In refinery operations and in other 
locations where high process side tem- 
peratures exist in heat transfer to cooling 
water, the corrosion rates of the steel on 
the water side are many times higher 
than the rates measured by conventional 
coupon methods or by resistance probes 
at the bulk temperature of the water. The 
final column of Table 4 shows the ratio 
between the rate on the coupons at 130 F 
and the rate on the hairpins, even though 
the hairpins were immersed in the same 
temperature water. This ratio varies from 
3.5 to 8.2 in these few tests, being highest 
for the highest hot side temperature. 


se 


Presumably crevice corrosion, galvanic 
corrosion, and possibly other types of 
attack are similarly accelerated. This fact 
must be kept in mind when translating 
the results of coupon tests at conventional 
testing temperatures into design factors. 


Effect of High Skin Temperatures on 

Scale De position 

This work has been done primarily in 
the SCT units as shown in Figure 7. 
Since the deposition of carbonate scales 
normally can be controlled by the use o! 
small dosages of polyphosphates, primary 
concern was to study phosphate scales 


TABLE 6—Results of Blank Tests in SCT Units* 





CORROSION | 








| 
| Orthophos- | RATE (MPY) | » 
pH of | phate Added | - Type of 
Test No. Water | (ppm) 1 Day 10 Days Scale Water 
3 2.5 25.4 17.4 | 0.22 Grams Cas (POs)2 | Standard 
107 6.5 2.5 42.4 30.3 0.04 Grams Caz (POs4)2 Standard 
133 7.5 2.5 11.2 14.0 0.13 Grams Cas (POs)2 | Low Solids 
234 8.0 21.0 16.7 0.50 Grams CaCOs Standard 








* Water temperature 1 


30 F., Ucon temperature 350 F, 
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ther than carbonate scales. The use of 
polyphosphates results in the develop- 
ment of orthophosphate residuals in the 
cooling water, due to the reversion of the 
polyphosphate. Under such conditions the 
problem of carbonate scale deposition has 
iven traded for the problem of phosphate 
gale deposition. The author's work, 
therefore, was concerned with calcium 
phosphate scale formation under high 
kin temperature conditions using a cir- 
lating hot fluid. No investigation has 
been made yet of this problem under 
sonditions where the heat supplied comes 
jom a condensing vapor at high tem- 
peratures. 

} The results of blank tests (Table 6 and 
figure 8) are about as expected. With 
25 ppm orthophosphate ion added _ as 
disodium phosphate, the scale which 
fms at a pH of 7.5 contains both cal- 
cum and phosphate. There is more phos- 
phate than corresponds to the calcium, 
and it is assumed that iron phosphates or 
phosphate complexes may be present. 
The calculation of the amount of scale 
is based on the calcium content of the 

«ale, and is reported on the basis of total 
tricalcium phosphate per 24 inches of 
tubing. 

At a pH of 7.5 the water has a posi- 
tive saturation index for calcium phos- 
phate,’ and an appreciable weight of 
material is laid down. Specimen 3 in 
Figure 8 shows the thick coating of scale 
which builds up, and there is some ap- 
pearance of the start of tubercle forma- 
tion. Specimen 107, at a pH of 6.5 shows 
aneven heavier deposit, but only a small 
fraction of this consists of calcium con- 
taining scale components. Most of the 
material in fact is product. 
Specimen 234 was run at a pH of 8.0, 
without any orthophosphate. Presumably 
he calcium is mainly present as carbon- 
ate, and there is also much dark corro- 
sion product present. The orthophosphate 
actually gives some inhibition of corro- 
‘on, so that when it is not present serious 
attack on the metal occurs at these tem- 
peratures, even at this high pH. While 
specimen 133 from a low solids wate) 
test shows much less scale deposition, 
there is incipient tuberculation; the cor- 
tosion rate data indicate that this is 
probably a more corrosive water than 
the standard. 


corrosion 
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Table 7 and Figure 9 shows the results 
I tests with various polyphosphates. The 
weight of calcium phosphate laid down 
y these polyphosphates is always greater 
than in the blanks. But because of the 
much lower amount of the 
thickness of the deposit is less, as indi- 
cated by comparison of the appearance of 
specimen 18 with that of specimen 3. 
The deposit on specimen 18 is thin, not 
very adherent, and has some protective 
lect. By comparison, that given by the 
anc-sodium polyphosphate (specimen 5 
seven thinner and much more adherent. 
The latter deposit has been shown in the 
‘avoratory and in the field to be protec- 
lve. On the other hand, in the presence 
ot pyrophosphate a heavy loose scale is 
uilt up, with some local corrosion occur- 
ing underneath (specimen 16). Speci- 
mens 240 and 241 are from two very 
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Figure 8—Appearance of inside of heat exchanger tubing specimens corresponding to tests described in 
Table 6 (Blanks). 


TABLE 7—Results of Corrosion and Scale Tests On Polyphosphates in SCT Units* 








PH of 

Test No. Water 
16 1.5 
18 7.5 
240 6.5 
241 7.0 
5 7.5 
15 7.5 


* Water temperature 
Water (Table 2). 


30 


derivative 


F; Ucon temperatt 








Average 
Polyphos- CORROSION 
phate RATES (MPY) Scale As 
Residual Grams 
Treatment (ppm) 1 Day 10 Days | Ca3(PO;4)2 
Tetrasodium Pyrophosphate 10 13.0 0.61 
Sod. polyphosphate 30 7.8 
Sod. polyphosphate 25 10.2 0.34 
Sod. polyphosphate 25 7.4 0.58 
Zinc sodium polyphosphate 15 9.2 0.35 
Pyrophosphate plus lignin 10 10.4 0.82 


ire 350 F; Total fed dosage of treatment 60 ppm; Standard 


TABLE 8—Results of Corrosion and Scale Tests on Polyphosphate-Chromate Combinations 
in SCT Units* 


Polyphos- CORROSION 








NaoCrO, phate RATES (MPY) Scale As 
Residual Residual Grams 
Test No. pH ppm) ppmPO;) 1 Day 10 Days Ca3(PO;)2 Remarks 
17 7.5 60 3.9 1.0 0.06 2.5 ppm 
Orthophos- 
phate 
10 7.5 22 20 5.9 1.2 0.09 
8 7.5 23 16 6.6 1.1 0.10 
99 6.5 22 17 11.6 3.0 0.97 
198 6.5 35 5 8.4 1.6 0.05 
Water temperature, F; Ucon temperature, 350 F; Total fed dosages, 50—60 ppm; Standard Water 


Table 2 


TABLE 9—Results of Corrosion and Scale Tests On Zinc Chromate Treatments in SCT Units* 





* Water temperature, 


similar tests, the only 


the pH. The test 


corrosive attack. 


FED I 


30 F; Ucon temperature, 350 F; Standard water 


difference 


being 
at pH 6.5 gave lowe1 
scale and higher corrosion than the one 
at pH 7.0. The color of the scale at the 
lower pH was more tan, indicating the 
presence of more ferric corrosion prod- 
ucts. The metal under the scale, however, 
indicated smooth general corrosion, but 
that at pH 7.0 showed uneven localized 
Finally, specimen 15 
shows the use of a lignin derivative with 
pyrophosphate. Under these temperature 
conditions the organic does not have any 
scale control effect, but seems to promote 











CORROSION 
JOSAGE (ppm) RATES (MPY Scale As 
Grams 
1 Day 10 Days CaCO; 
14.7 0.03 
9.9 1.3 0.05 


Table 2). 


the formation of a hard, adherent, but 
non-protective deposit. 

The chromate-polyphosphate 
combinations for cooling water treatment 
is widespread. The effect of such treat- 
ments on scale depositions at high skin 
temperatures is shown in Table 8 and 
Figure 10. Specimen 17 shows the ap- 
pearance of a chromate treated tube. For 
purposes of scale determination, 2.5 ppm 
orthophosphate was added to this water 
also. The orthophosphate acts with the 
chromate somewhat as a synergist for 
corrosion control, and therefore the cor- 
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Figure 9—Appearance of inside of heat exchanger tubing specimens correspond- 
ing to tests described in Table 7 (Polyphosphates). 


Figure 11—Appearance of inside of heat exchanger 
tubing specimens corresponding to tests described in 
Table 9 (Zinc chromate). 


rosion lower than would be 
expected from chromate alone. How- 
ever, the amount of scale deposited is 
low, indicating that chromate has some 
effect in controlling scale under these 
conditions. This apparently is something 
which has been known in the field but 
for which the author has been unable to 
find literature references. However, spe- 
cimen 17 shows long tubercles parallel 
to the direction of flow of the water. 
Specimens 10 and 8 are from essentially 
duplicate runs, and show similar results. 
These specimens show slight local attack 
which is minimized in specimens 99 and 
198 which were tested at a lower pH. 


rates are 


The result of the addition of chromate 
to a polyphosphate treatment, shown by 
specimens 10 and 8 in comparison with 
the specimens in Figure 9 and Table 
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TABLE 10—Results of Calculation of Skin 
Temperatures Based on Temperature Co- 
efficient of Corrosion Rate 


TEMPERATURE (°F) 

| Calculated 
Test No. Ucon | Skin Temp. 
380 
365 
385 
390 
370 


2: 
9 
2: 
3 
2 


is to reduce the phosphate-based scale 
deposition. This is a further advantage 
of this type of treatment, in addition to 
its control of corrosion. The results of 
tests 99 and 198 to indicate that 
under these conditions of low pH and 
high skin temperatures, high chromate- 
low polyphosphate treatments give better 
results in controlling corrosion than do 
high polyphosphate combinations. This 
finding, however, is complicated by a 
number of factors, especially the amount 
of polyphosphate needed to maintain the 
required residual dosage. Tests at ordi- 
nary temperatures have shown better con- 
trol of local attack by the use of com- 
binations with high polyphosphate ratios.1 

Table 9 and Figure 11 show the results 
of some tests with zinc chromate com- 
binations.. In these tests no phosphates 
were present. This type of treatment 
shows low scale deposition, even at a pH 
of 8.0 (compare specimen 212 with speci- 
men 234 in Figure 8). There is some 
tendency for local attack at these tem- 
peratures and dosage levels. 


seem 


Summary and €onclusions 


It has been shown that it is possible to 
make laboratory studies of corrosion and 
scale deposition in heat exchange equip- 
ment under conditions of high process 
side temperatures. 

The hairpin type specimens are better 
adapted to corrosion measurements, and 
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Figure 10—Appearance of inside of heat exchanger tubing specimens corte- 
sponding to tests described in Table 8 (Chromate-polyphosphate). 


the results obtained by their use make 
it possible to estimate apparent skin tem- 
peratures at the corroding surface. The 
approximate calculation of these skin 
temperatures indicates that they may be 
above the boiling point of water. Under 
such conditions, the corrosion of steel is 
greatly accelerated, and corrosion rates 
may be found up to 8 times those en- 
countered under more normal conditions. 
It is suggested that further work on the 
effect of high process side temperatures 
carried out in equipment of this type may 
supply data that will be helpful in the 
design of heat exchange equipment. 

The tube type specimens are too large 
for corrosion weight loss measurements 
and are most useful for the study of 
scale deposition. Results of tests using 
this equipment show the effect of chro- 
mates in reducing the amount of scale 
deposited by polyphosphates under high 
skin temperature conditions. 

It is felt that further work with speci- 
mens such as these is needed in order to 
explain and confirm some of the re- 
sults already obtained, and to improve 
the method of test so that the results will 
be more reproducible. Studies are 
planned with other metals, with other 
types of water, and with other tempera- 
ture ranges. The results reported here 
are from the laboratory and are only 
partially confirmed by pilot scale and 
field data. Accordingly, the conclusions 
should be considered tentative. 
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DISCUSSION 
Question by John R. Boyd, James B. 
Clow and Sons, Inc., Coshocton, Ohio: 
We are wondering if your methods of 
corrosion and scale deposition determina- 
tion can be used by us. We make 18 ft. 
jong cast iron pipe in a spinning metal 
low alloy forged steel) mold with 114” 
wall thickness. The inside is sprayed 


lightly with a silica based ceramic spray. 
Then molten iron at about 2300-2400 F 
is evenly distributed the length of the 
mold. The spinning mold is cooled with 
treated water circulating to and from a 
cooling pond. If your method is not ap- 
plicable here, what method do you sug- 
gest (chromate-polyphosphate is method 
of treatment 


Reply by Herman Kerst: 

Your problem is of an entirely dif- 
ferent order of magnitude from the one 
considered in our investigation. Ob- 
viously it would be extremely difficult to 
set up a test procedure in which molten 
iron is pumped through a specimen, and 


will appear in June, 1961 issue. 
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therefore our method of studying cor- 
rosion and scale deposition is not applica- 
ble to your problem. As a matter of fact 
it is difficult to visualize any easily avail- 
able source of heat other than a Carbo- 
rundum Globar which could produce a 
high enough temperature to simulate the 
conditions of your operations. Possibly 
the closest approach to such studies 
would be some method of attaching a 
specimen to the water side of the metal 
mold. This of course is based on the as- 
sumption that it is possible to reach this 
part of the system in order to fasten such 
specimens, and that this can be done 
without seriously weakening the walls of 
the mold. 


Any discussion of this article not published above 

































































A Contribution to the Explanation 





Of Intergranular Corrosion of Chromium-Nickel Steel’ 


Introduction 
a TENDENCY of metals and 
alloys toward intergranular corrosion 

is influenced by both the physicochemical 
state and structure of the alloy, and the 
composition and concentration of the 
corrosive medium. The condition of the 
alloy includes its fabrication history, 
heat-treatment, and other factors which 
may cause the formation of new phases 
and internal structural stresses. 

Austenitic chromium-nickel 
the 18-8 type are subject under certain 
conditions to intergranular corrosion 
which detrimentally affects their mechan- 
ical properties. 

Today, there 
which explain the intergranular corrosion 
of these after heat-treatment or 
slow cooling in the temperature region 
of 450 to 850 C. According to the theory, 
a high-chromium phase precipitates at 
the grain boundaries. Very close to this 
phase, the amount of chromium in solid 
solution decreases and, consequently, its 
passivation tendency also decreases. The 
loss of corrosion resistance at the grain 
boundaries may also be due to local in- 
ternal stresses caused by precipitation of 
the new phase.t According to some au- 
thors, this phase, separating on the grain 
boundaries is in itself sensitive to corro- 
sion. According to the results of our 
work,* it appears that 18-8 stainless steels 
are most likely to corrode according to 
the theory which explains the intercrys- 
talline corrosion by the reduction of 
chromium content in solid solution near 
the grain boundary. 


steels of 


are several theories 


steels 


Theoretical Part 

The intergranular corrosion §suscepti- 
bility of austenitic 18-8 stainless 
is very closely connected with the pre- 
cipitation of chromium carbide in the 
temperature region of 450 to 850 C. 
Carbides precipitate from a_ supersatu- 
rated solid solution of carbon in austen- 
ite, mainly at the grain boundaries. Sen- 
sitivity of this steel to intercrystalline 
corrosion is dependent, therefore, on the 
amount of carbon in the solid solution. 
Both experimentally and theoretically it 
has been found that in steels with a bal- 
anced composition (18-8), the chrome 
carbides of the Type Cr.;C, are precipi- 
tated.2:* Because the diffusion rate of 
chromium in austenite is considerably 
lower than the diffusion rate of carbon, 


steels 


% English translation by F. R. Charvat, Metals 
Research Laboratories, Union Carbide Metals 
Co., Division of Union Carbide Corp., Niagara 
Falls, N. Y. This paper originally appeared in 
Hutnické Listy, 11, No. 4, 225 (1956). The 
translated version was submitted for publication 
on March 28, 1960. 


“) Chief_metallurgist in the Materials Section of 
the State’s Research Institute for Materials 
Protection, Prague, Czechoslovakia. 


@) Electrochemist in the State’s Research Insti- 


tute for Materials Protection, Prague, Czecho- 
slovakia. 
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By V. CIHAL"? and M. PRAZAK**? 


Abstract 


Intercrystalline corrosion in chromium- 
nickel steels is considered from both a 
theoretical and practical standpoint. Labo- 
ratory tests were conducted to determine 
the effect on Invar alloy and 18 chromium- 
9 nickel alloy of boiling sulfuric acid con- 
taining copper sulfate. Specimens subjected 
to various heat treatment were tested. 
Polarization curves and passivation poten- 
tials of alloys are given. 

The use of a potentiostat proved helpful 
in determining  intercrystalline corrosion 
susceptibility, especially for steels with a 
low carbon content and those containing 
stabilizing elements which demonstrate only 
a slight tendency to intercrystalline corro- 
sion, The extent of intergranular corrosion 
depends on the amount of precipitated 
chromium carbide and on the redox poten- 
tial of the solution. Se 


the precipitation of carbide in the above- 
mentioned critical temperature region 
changes the concentration of chromium 
near the grain boundaries. The reduction 
of chromium concentration near the 
grain boundary, at a given carbon con- 
tent, will depend both on the tempera- 
ture as well as on the time of the 
precipitation treatment. 

The reduction of chromium § concen- 
tration in a solid solution with iron and 
nickel reduces the passivation ability of 
the solid solution. The passivation poten- 
tials of ferrochromium alloys shift to 
higher positive potentials with decreas- 
ing chromium as shown in Table 1 and 
Figure 1 which are constructed from our 
data and those in the literature. Others 
often differentiate between the passiva- 
tion potential and activation potential; 
however, in general, these mean the same 
thing. 

Let us apply electrochemical measure- 
ments on the iron-chromium alloys to the 
conditions near the grain boundaries of 
the 18-8 steel. Because the carbides which 
are being precipitated (CrFe).,C, can 
take as much as 30 atomic percent of 
iron into solid solution, not only will the 
chrome content drop close to the carbide 
particles, but at the same time the nickel 
content will rise above the original 8-9 
percent which is present in the alloy. 
According to the amount of precipitated 


TABLE 1—Passivation Potentials (Ei:) of 
Iron-Chromium Alloys in Solutions at 
ph = 0 and 20C 


Carbonyl! [ron +690 mv. 








Fe (according to Franek) +560 
Fe-26 Ni* +510 
I +500 
Fe-2.2% C1 +670 
Fe-4.4% Cr +660 
Fe-7.5% Cr. +590 
Fe % Cr +500 
Fe-11.6% Cr +280 
Fe-14.2% Cr +70 
18-9* stainless steel +50 to +100 
Fe-19.1% C1 20 
Fe-24.4% C1 80 
Cr 220 
Cr (according to 

Mueller & Cupr) 240 
cr ; 250 

* 


According to our measurements in normal H2SO4 
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carbide, the intercrystalline material can 
be considered to be a nickel alloy with a 
variable chromium content. With the 
variation of chromium content adjacent 
to the grain boundary, the passivation 
potential should change also from the pas. 
sivation value of 18-8 steel to, in the 
limiting case, the passivation potential of 
iron-nickel alloy. This increasing passiva- 
tion potential decreases the passivating 
tendency of the grain boundaries, Under 
these conditions, the grain boundaries 
with a low chromium content could stay 
in an active state and corrode while the 
remaining part of the austenitic grain is 
passive and, therefore, resistant to 
corrosion. 


Experimental Part 

In order to verify the theoretical 
assumptions, we chose two alloys, an 18 
chromium-9 nickel alloy and a ferro- 
nickel alloy (Invar). The chemical com- 
positions are given in Table 2. The 18-9 
steel was heat-treated for one hour at 
1250 C and quenched in water, followed 
by sensitizing heat-treatments at 650 ( 
for 30 minutes, 4 hours, and 72 hours 
By these heat-treatments, we obtained 
samples of 18-9 steel with various 
amounts of precipitated carbides at the 
grain boundaries with a varying tend- 
ency to intercrystalline corrosion. The 
susceptibility to intercrystalline corrosion 
was checked by 100-hour corrosion tests 
in a boiling solution of H,SO, with 
copper sulfate (100 grams of con- 
centrated H,SO, plus 100 grams ol 
CuSO,*5H.O diluted to one liter with 
water). The bend tests after 
exposure to this medium are shown in 
Figure 2*. The specimen which was solu- 
tion-quenched (No. 1) and the one 


results of 


* Not reproduced in this translation. 
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figure 3—Polarization curve of 18-9 stainless steel, 
water-quenched after 1 hour at 1250 C. 
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INTERGRANULAR 


Transpassive 


Passive 
Region 


Figure 4—Polarization curve of 18-9 stainless steel, 
water-quenched after 1 hour at 1250 C and then 
heated for 72 hours at 650 C. 


TABLE 2—Composition of 18-9 Stainless Steel and Ferronickel Alloy (Invar) 


Alloy c | Mn si | 
a a en maesaereemtssass | assieiammeeciieclt 
8-9 0.05 LD 0.62 

var 0.08 0.36 0.16 

which was sensitized for 30 minutes 


No. 2) were not affected by intergranu- 
ar corrosion. Specimen No. 3, sensitized 
+ hours, shows a slight tendency to 
ntercrystalline corrosion, while Specimen 
\o. 4 demonstrates more extensive inter- 
granular attack. The extent of inter- 
crystalline corrosion is small because of 
the low carbon content and would disap- 
pear entirely if lower sensitizing temper- 
atures were used. 
instrument called a 
is possible to measure 
polarization curves of an electrode by 
ontinuously varying its potential. The 
jotentiostatic polarization curves of the 
wolution-quenched 18-9 steel and the 
1on-36 nickel alloy are shown in Figures 
and 5. Polarization curves were meas- 
ured with 1 cm.2 electrodes in normal sul- 
furic acid at 20 C.** All potentials 
shown in this work are relative to the 
standard hydrogen electrode (En 
Sensitizing heat-treatment has only a 
mall influence on the shz ipe of the pol: ir- 
zation curve, as shown in Figure 4, 
vhich is the curve taken from a 


By an electronic 
potentiostat,> it 





speci- 


men of 18-9, heat-treated 72 hours at 
000 C. This is caused by the fact that 
the grain boundaries represent only a 


very small 


part of the total electrode 
surface, 


and thus the shape of the polari- 
ation curve depends primarily on the 
omposition of the alloy. Indicated on 
the polarization curves are three impor- 


lant potential areas: active, passive, and 


“Authors? Addition: The method described here 
las been recently modified by the addition of 
NHiCNS or KCNS to the acid and by a more 


Precise determination of the optimum etching 
potential (see: Werkstoffe und Korrosion, 9, 
317-519 (1958) and Collection Czechoslav. Chem. 


Commun., 24, 9-15 (1959). 


Percent 








Ni Mo P Ss 
18.48 9.34 
35.22 0.01 0.014 0.014 


transpassive. Corrosion rates are high in 
the active and transpassive regions, and 
the central passive area. Active 
stainless steel transforms to the passive 
state at the passivation potential of ~-100 
mv. At +1.2 volts, the steel changes from 
the passive state to the transpassive state. 
The increase in dissolution rate in this 
region is typical of chrome alloys because 
chromium oxidizes easily at these high 
potentials. Corrosion products are pri- 
marily hexavalent ions of chromium. 

To further study the intercrystalline 
corrosion of 18-9 the polarization 
curve of the iron-36 nickel alloy is inter- 
esting. The active area of this chromium- 
free alloy occurs at a more positive po- 
tential (Figure 5). The passivation poten- 
tial of iron-nickel alloys is only slightly 
dependent on nickel content as shown by 
experiments on pure iron and alloys with 
20, 36, and 42 percent nickel. The 
vation potential of iron-36 nickel was 
approximately +510 mv. This alloy has 
no transpassive region. Therefore, if the 
near the 


low in 


steel, 


passi- 


solid solution grain boundary 
contains only iron and nickel in_ the 
limiting case, it will only passivate at 


+-510 mv. 

For a more accurate check on the 
passivation potential of grain boundaries, 
we have tested metallographically pol- 
ished sections of variously heat-treated 
18-9 steel by electrolytic etching in nor- 
mal H.SO,. Samples with an area of one 
square centimeter were electrolytically 
etched for three minutes at constant po- 
tential with a potentiostat. Results of 
tese tests at +600, +300, 100, -+50, 
and 0 mv are shown in Table 3. A 
potential of +600 mv lies above the 


potentials above 
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Figure 5—polarization curve of Iron-36 nickel alloy. 


passivation potential of the iron-nickel 
alloy so that in no case was there any 
etching of the boundaries in a 
normal sulfuric acid. Only at a potential 
of +300 mv did the grain boundaries 
begin to etch in samples which were 
sensitized for 72 hours at 650 C. The 
amount of precipitated carbides is suffi- 
cient to intercrystalline corrosion. 
The etching of the grain boundaries 
increases as the potential becomes more 
negative. The amount of carbide precipi- 
tated after a 4-hour heat-treatment 
changes the composition of the matrix 
near grain boundaries so slightly that at 
+300 mv one still cannot see any prefer- 
ential etching even after a relatively long 
etching time. Such boundaries only etch 
at +100 mv and become even more 
prominent at lower potentials. 


grain 


cause 


Samples heat-treated for only 30 min- 
650 C begin to etch at the grain 
boundaries only if the potential is +0 mv. 
This potential is close to the change from 
the passive to active states for 18-9 steel 
Figure 3), From the interrupted charac- 
ter of etched grain boundaries, 
vious that only a very small amount of 
carbide was pre cipitated which changed 
only slightly the composition of the adja- 
cent solid solution. This result agrees 
with the above-mentioned standard test 
for intercrystalline corrosion. Samples of 
the alloy heat-treated for one hour at 
1250 C and water-quenched were not 
tched at grain boundaries. 


utes at 


it is ob- 


From the above results it follows that 
the precipitation of chromium carbide 
on the grain boundaries of austenitic 
steels actually causes changes in the com- 
position of the adjacent solid solution 
in near surrounding area. The material 
near the grain boundary becomes depleted 
of chromium and its passivation poten- 
tial is shifted to more positive values, 
finally approaching that of ferronickel 
and iron. The grain boundaries with the 
lowest chromium content are, therefore, 
capable of passivation only at potentials 
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-TABLE 3——Summary of the Etching of Austenitic Grain Boundaries of 18-8 Steel Samples 

Which Vary in Their Intercrystalline Corrosion Resistance at Given Potentials. Samples 

Were Held in 1 N Sulfuric Acid at the Given Potential Using a Potentiostat for Three 
Minutes. Magnification 150X. 


HEAT TREATMENT 


1250C for 1 hour and quenched in water + 650C for from 30 minutes to 
72 hours and cooled in air. 


Potential in 

Solution in -- 

Millivolts 30 Minutes 

+600 Potential lies above the passivation potential of iron 
and Fe-Ni alloy 


72 Hours 
(Photomicrograph shows 
slight pitting) 


4 Hours 


W. C. Kogei 
ice Oil C 
Bartlesville 
JA Caldwe 
ble Oil & 
Houston, 1 


T-1A Corros 
Equipment 
R. L. Davis, 
"Co, 900 
dena, Cal. 


7.-1B Corros' 
Equipment 


T-IC_ Detect 
Field Equi, 
J. P, Barrett 
can Petr‘ 
Tulsa, Okl 
fF. A, Prange 
Petroleum 


T-ID Contre 
by Chemic: 
¢. C. Natha 
Inc., Box + 
|, R. Bruce 
Oil Co., B 


T-IE Cathod 
Equipment 
Jack L. Battl 
& Refining 
2180, Hous 


TIF Metall 
ment 

R. L. McGl 
nental Oil 
Box 1267, | 


+300 (Photomicrograph shows 
slight pitting) 
(Photomicrograph shows 
pitting and slight grain 
boundary etching) 
(Photomicrograph shows 
pitting and heavy grain 
boundary etching) 
(Photomicrograph shows 
pitting and heavy grain 
boundary etching) 


(Photomicrograph shows 
slight pitting) 
(Photomicrograph shows 
pitting) 


Grain boundaries still do 
not etch 
(Photomicrograph shows 
pitting) 


+100 


(Photomicrograph shows 
pitting and slight grain 
boundary etching) 
(Photomicrograph shows 
pitting and heavy grain 
boundary etching) 


(Photomicrograph shows 
pitting) 


REDOX ~ MILLIVOLTS 


(Photomicrograph shows 
pitting and slight grain 
boundary etching) 





These latter cases are really tech- 
nically more important. The 
stated, do not precisely indicate inter- 
granular corrosion susceptibility. How- 
ever, if very many specimens which are 
susceptible to intergranular corrosion are 
tested in the same container, the iron 
present in the solution will tend to pre- 
vent the fall of the redox potential. 0.8 . 
a ; . —> Fe**-Cur 
The redox potential will never drop —— BF aoe guet? 0.6 
below +350 mv because copper would 
precipitate and hold the potential at this 
point. This fact was used by Brauns and 
Pier? who added metallic copper to the 
standard solution so that its redox poten- 
tial immediately fell from -+-0.7 to -++-0.5 


above +510 mv.*** Etching at low po- _ rosion. 
tentials, one can see pit corrosion. Its 
main cause is probably the deformation 
during the mechanical cutting of the 
specimen. Thus, deformation could not 
be removed by electrolytic polishing 
without intergranular attack. 


tests, as 


Discussion of the Results 

If we compare the electrochemical 
observations with the intergranular cor- 
rosion susceptibility observed during 
standard tests, we will see that the extent 
of corrosion increases with the length of 
heat-treatment. Standard tests, because of 
the electrochemical behavior of the 
H.SO,-CuSO, solution, will not detect volt, followed by a slow fall to approxi- 
intergranular corrosion susceptibility if mnabety +0.350 volt, by the reaction: 
the passivation potential of the grain) Cu—+ Cu*?—> 2 Cut. Metallic copper also 
boundaries in normal H.SO, lies below acicaaad Fet? to Fet2. Metallic 


Figure 6—Dependence of redox potential on the 
ratios CU*+/Cu*? and Fet*/Fe** (Nernst-Peters). 


Iu this case, the passivation potential of 
the grain boundaries in normal H,SO, at 
room temperature is below 100 mv and 
in a standard boiling solution under 
+350 mv, so that this solution has no 1, M. Krebs: 

& Wilcox 


copper effect whatsoever on the sample. Div., 1920 
Falls, Pa. 


100 mv at room temperature. In boiling 
10-15 percent sulfuric acid the passive 
state of 18-8 steel lies between +0.3 to 
0.9 volt.© The redox potential of a copper 
sulfate solution varies around +-0.75 volt. 
During the corrosion reaction, Cu*? will 
be reduced to Cu* so that the ratio 
Cu*?/Cu* is reduced, and the oxidation 
reduction potential will drop to +350 to 
+450 mv (Figure 6). However, this po- 
tential is reached only after a long boil- 
ing time and only in samples quite sen- 
sitive to intercrystalline corrosion. In 
order to determine intercrystalline corro- 
sion of steels which are only slightly 
sensitive, several samples with a great 
tendency to corrosion should be tested 
simultaneously (this is how we conducted 
our tests). It can be seen that the stand- 
ard H2SO,.-CuSO, tests which _ state 
that only one sample should be tested in 
a container is not well defined, especially 
for stabilized steels and those which are 
not very sensitive to intercrystalline cor- 
** Authors’ Addition: During later work we 
observed that intergranular corrosion can 
occur at potentials above the passivation po- 
tential of grain boundaries. In this case, we 
believe another mechanism causes the greater 
relative corrosion rate of boundaries depleted 
of chromium. Iron-chromium alloys show an 
increasing corrosion rate in the passive state 
as chromium content is decreased, especially 
below approximately 9.5 percent Cr. This 
factor is important during corrosion in boiling, 
strongly acid media (see H. H. Uhlig Corro- 
sion Handbook—concentrated HNOs). By the 
above mechanism, the detection of intergranu- 
lar corrosion susceptibility by boiling concen- 
trated nitric acid can be explained. In this 
case, corrosion occurs predominantly in_ the 


passive state with only a small amount of the 
total corrosion being of transpassive character. 
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in contact with samples of steel is also 
good because from the beginning to the 
end of the test the potentials of the 
samples are constant. With less sensitive 
samples, therefore, there will not be any 
time delay before intergranular attack 
begins. Also, iron resulting from the in- 
tercrystalline attack will not be bother- 
some and, hence, numerous samples may 
be tested in the same container. 
Intercrystalline corrosion will occur 
in the presence of copper in a standard 
solution with the greatest possible speed. 
Because the solution contains a_ large 
amount of depolarizer (Cu,+) and the 
steel is in contact with the metallic cop- 
per, the passivity of the grains will be 
maintained by this simple potentiostat. 
The time of test can also be reduced to 
15-48 hours. In order to check the per- 
formance of this simple polarization 
setup, we tested samples similar to those 
previously mentioned for 100 hours in a 
boiling solution containing copper fil- 
ings. The results of the tests were identi- 
cal to those tests performed without cop- 
per filings, but the intercrystalline attack 
was considerably higher, proving that the 
solution will start to be effective from 
the very beginning of the test provided 
metallic copper is present. If we compare 
the results of standard tests with the 
potentiostatic etching tests in normal sul- 
furic acid, we see that the standard test 
does not detect the very small intergranu- 
lar corrosion susceptibility of samples 
heat-treated for only 30 minutes at 650 C. 


Conclusion 

In this work, we have clarified the 
theoretical basis for intercrystalline cor- 
rosion in chromium-nickel steels. We 
have also employed potentiostatic proce- 
dures for maintaining constant electrode 
potentials in an electrolyte. This tech- 
nique is very useful for determining in- 
tercrystalline corrosion susceptibility, 
especially for steels with a low carbon 
content and those containing stabilizing 
elements which demonstrate only a slight 
tendency to intercrystalline corrosion 
and, hence, cannot be tested by conven- 
tional procedures. The extent of inter- 
granular corrosion depends on the 
amount of precipitated chromium cat- 
bide and on the redox potential of the 
solution. Reduction of the chromium 
content adjacent to the carbide will 
change the passivation potential of the 
grain boundary; moving it in the noble 
direction. In the limiting case, the pas- 
sivation potential of the grain boundary 
approaches the value of the passivation 
potential of a ferronickel alloy. 
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T-6A-7. Thermosetting Coal Tar 

Coatings 
E. Kemp, Chairman; Kop- 

ra. Inc., 15 Plum St., Verona, 
Pa. 

7-6A-9 Furanes 
G. Munger, 

a 4809 Firestone 
Gate, Cal. 

1-64-10 Polyesters 

D, D. Cone, Chairman; 
Baytown, Texas 

T-6A-11 Epoxies 

Cc. G. Munger, Chairman; Amercoat 
Corp., 4809 Firestone Blvd., South 
Gate, Cal. 

1-64-12 Fluorocarbons 

sylvan B. Falck, Chairman; Inner-Tank 
Lining Corp., 4777 Eastern Ave. 
Cincinnati 26, Ohio 

1-64-13 Chlorinated Rubbers 

R. McFarland, Chairman; 
McCanna Co., 400 Maple St., 
pentersville, I] 

1-64-14 Organic-Brick Covered 

T6A-15 Rigid Vinyls 

C. G. Munger, Chairman; Amercoat 
-~ 4809 Firestone Blvd., South 
Gate, Cal. 

T-6A-16 Coal Tar C 

1-64-17 Polyurethanes 

E.R. Wells, Chairman; Mobay Chemi- 
cal Co., Research Laboratories, New 
Martinsville, W. Va. 

T-6A-18 Hypalon 

D. J. Kelly, Chairman; E, I. 
de Nemours & Co., Inc., 
Wilmington, Del. 

T-6A-19 Asphalts 

T-6A-20 Plastisols 

Otto H. Fenner, Chairman; Monsanto 
Chemical Co., 1700 South Second 
St., St. Louis 77, Mo. 

1-64-21 Compile Reports for Binding 
Into One Volume 


Amercoat 
South 


Chairman; 


Blvd., 


1806 Florida, 


Hills- 
Car- 


Joatings 


du Pont 
Box 406, 


T-6B Protective Coatings for 
Resistance to Atmospheric Corrosion 
Robert P. Suman, Chairman; Pitts- 
burgh Plate Glass Co., P. O. Box 
21114, Houston 26, Texas 

M. W. Belue, Jr.. Vice Chairman; 
General Plant’ Engineering Dept., 
Champion Paper & Fibre Co., 
Hamilton, Ohio 

T-6B-I Linseed and Other Drying Oils 
John D. Keane, Chairman; Steel Struc- 
tures Painting Council, 4400 5th Ave., 
Pittsburgh 13, Pa. 

T-6B-2 Ester Gum Oil 

R. L. Liston, Chairman; Cook Paint 
& Varnish Co., Box 3088, Houston, 
Texas 

TB-3 Straight Phenolic Oil Varnish 
John W. Nee, Chairman; Briner Paint 
Mfg. Co., 3713 Agnes St., Corpus 
Christi, Texas 

T-6B-4 Modifie d Phenolic Oil Varnish 
John W. Nee, Chairman; Briner Paint 
Mig. Co., Inc., 3713 Agnes St., 
Corpus Christi, Texas 

T-6B-5 Straight Alkyd Varnish 

William F. Conners, Chairman; Hum- 
ble Oil & Refining Co., Box 2180, 
Houston, Texas 

Robert M. Ives, Jr., Vice Chairman; 
Sales Tech. Service Div., Humble 
Oil & Refining Co., P. O. Box 2180, 
Houston, Texas 

T-6B-6 Modified Alkyd Varnish 

Robert M. Ives, Jr., Chairman; Sales 
Tech. Service Div., Humble Oil & 
Refining Co., P. O. Box 2180, Hous- 
ton, Texas 

William F, Conners, 
Humble Oil & Refining Co., Box 
2180, Houston, Texas 

T-6B-7 Epoxy Esters 

Howell C. Owens, Chairman; Coast 
Paint & Lac quer Co., Inc., Box 
1113, Houston 1, Texas 

John G, Raudsep, Vice Chairman; 
Shell Chemical Co., P. O. Box 2099, 
Houston 1, Texas 

T6B-8 Epoxy (Amine Cured) 

John G, Raudsep, Chairman; Shell 
Chemical Co.. P. O. Box 2099, Hous- 
ton 1, Texas 


Vice Chairman; 


Howell C. Owens, Vice Chairman; 
Coast Paint & Lacquer Co., Inc., 
Box 1113, Houston 1, Texas 

T-6B-9 Chlorinated Rubber 

Rench, Chairman; Napko 


Joseph E, 
14126, Houston 21, 


Corp., Box 
Texas 

T-6B-10 Vinyls 

John I. Richardson, Chairman; Amer- 
coat Corporation, 4809 Firestone 
Blvd.. South Gate, Cal. 

T-6B-11 Zine Filled Inorganic Coatings 

F. Parker Helms, Chairman; Union 
Carbide Chemicals Co., P. O. Box 
471, Texas City, Texas 

T-6B-13 Asphalt 

Cc. C. Allen, Chairman; Anderson- 
Prichard Oil Corp., 1000 Liberty 
Bank Bldg., Oklahoma City 2, Okla. 

T-6B-14 New Developments 

Joseph E. Rench, Chairman; Napko 
Corp., P. O. Box 14126 Houston 21, 
I exXas 

T-6B-15 Heat Resistant Silicones 

W. F. Gross, Chairman; c/o Norton 
Jaggard, Manager Engineering, Ara- 
bian American Oil Co., 505 Park 
Ave., New York 22, N. Y. 

T-6B-16 Polyurethanes 

E. R. Wells. Chairman; 
cal Co., Coatings Res., Research 
Lab., New Martinsville, W. Va. 

T-6B-17 Chemical Cured Coal Tar 
Coatings 

R. H. Goodnight, 
Paint & Varnish Co. 
Kansas City, Mo. 

T-6B-18 Zinc Coatings 

J. W. Cushing Jr., Chairman; Carbo- 
line Co., #32 Hanley Industrial 
Court, St. Louis 17, Mo. 

T-6C Protective Coatings for | 
Resistance to Marine Corrosion 

L. S. Van Delinder, Tempor ary Chair- 
man, Union Carbide Chemicals Co., 
Development Dept., South Charles- 
ton, W. Va. 

T-6D Industrial Maintenance Painting 

F. Parker Helms, Chairman; Union 
Carbide Chemicals Co., P. O. Box 
471, Texas City, Texas 

D. D. Cone, Vice Chairman; 
Florida, Baytown, Texas 

T-6D-1 Economics of Maintenance 
Painting 


Stanley L. 


Mobay Chemi- 


Chairman; Cook 
, Box 389, North 


1806 


Lopata, Chairman; Carbo- 
line Company, #32 Hanley Indus- 
trial Center, St. Louis 17, Mo. 

T-6D-2 Standardization of Scope of 
Painting Specifications 

L. L. Shine, 
dustrial Painters, 


nal Dr., 


T-6D-4 Specifications for Shop 
Cleaning & Priming 

L. L. Sline, Chairman; Sline Indus- 
trial Painters, 2162 Gulf Terminal 
Drive, Houston 23, Texas 

T-6D-5 Painter Safety 

Lowell S. Hartman, Chairman; Hart- 
man-Walsh Painting Co., 5078 
Easton St., St. Louis 13, Mo. 

T-6D-6 Painter Education 

Cc. W. Sisler, Chairman; John F. 
Queeny Plant, Monsanto Chemical 
Co., 1700 South Second St., St. 
Louis, Mo. 

T-6E Protective Coatings 
Production 

C.. J, Fritts, 
Products Co., Box 
Texas 

F. E. Blount 4 
Mobil Labs., Box 900, 
Texas 

T-6F Protective Interior Linings, 
Application and Methods 

W. P. Cathcart, Chairman: 
Lining Corp., Oakdale, Pa. 

Bernard Saffian, Vice Chairman; 
Chamberlain Lab., U. S. Stoneware 
Co., Fishcreek Road, Box 624, Stow, 
Ohio 

James Cogshall, Secretary; Pennsalt 
Chemical Corp., Corrosion Engr. 
Products Dept., Natrona, Pa. 


Chairman; Sline_ In- 
2162 Gulf Termi- 


Houston 23, Texas 


in Petroleum 


Chairman; Socony Paint 
1740, Houston, 


Vice Chairman; Socony 


Dallas 1, 


Tank 


T-6F-1 Curing 

K. G. Lefevre, Chairman; 
Inc., 2617 Hunting Park Ave., 
delphia 29, Pa. 

T-6F-2 Surface Preparation 

H. T. Rudolf, Chairman; 
Coatings Co., Inc., Box 2976, 
sonville, Fla. 

John I. Richardson, Vice 
Amercoat Corp. 4809 
Blvd., South Gate, Cal. 

T-6F-3 Inspection 

J. L. Barker, Jr., Chairman; Works 
Engineering Dept., Union Carbide 
Chemicals Co., Box 8004, Bldg. 82- 
821, S. Charleston 3, W. Va. 

T-6F-4 Safety 

Jens Nielsen, 
Line Corp., Div. 
Inc., Milton, Pa. 

T-6F-5 Application 

miki E. 
«Hooker Chemical 
Niagara Falls, 

T-6F-6 Ethics 

W. _P. Catheart, Chairman; 
Lining Corp., Oakdale, Pa. 

T-6G Surface Preparation for Organic 
Coatings 


Metalweld, 
Phila- 


Atlantic 
76, Jack- 


Chairman: 
Firestone 


Chairman; Shipper’s Car 
of ACF Industries 


Robinson, Chairman; 
Corp., Box 344, 
¥. 


Tank 


S. Steel 


Joseph Bigos, Chairman; U. 
Monroe- 


Corp., Applied Res, Lab., 
ville, Pa. 

John D. Keane, Vice Chairman; 
Structures Painting Council, 
5th Ave., Pittsburgh 13, Pa. 

T-6H Glass Linings and Vitreous 
Enamels 

R. McFarland, Jr.. Chairman; 
McCanna Co., 400 Maple St., 
pentersville, Ill. 

D. K. Priest, Vice Chairman; 
Div., Pfaudler Permutit, Inc. 
West Avenue, Rochester 11 

D. B. Johnson, Secretary; 'G lascote 
Products, Inc., 20900 St. Clair Ave. 
Cleveland 17, Ohio 

T-6H-1 Glass Coatings 

T-6H-2 Porcelain Enamel Coatings 

A. R. Leyerle, Chairman; Vitreous 
Steel Products Co., P. O. Box 3991, 
Cleveland 20, Ohio 

T-6J Protective Coating Application 
Problems 

T-6J Los Angeles Area, Protective 
Coating Application Problems 

Flora L. Davis, Chairman; 6173 North 
Ibbetson, Lakewood, Cal. 

R. E. Hall. Vice Chairman; 
Oil Co. of Cal., Res. Center, 
Cal. 

Newell W. Tune, 
Water & Power, 
Los Angeles, Cal. 

T-6J-1 Specification Writing 

Newell Tune, Chairman; L. A. Water 
& Power, 510 East Second St., Los 
Angeles, Cal. 

T-6]-2 Application Procedure 

David Jaffee, Chairman; 
Waterproofing Co., 3107 
Dr., Los Angeles, Cal. 

T-6J-3 Inspection Techniques 

Newell W. 


Steel 
4400 


Hills- 
Car- 


Pfaudler 
1000 
LY 


Union 
Brea 


Secretary; L. A. 
510 East 2nd St., 


Williams 
Fletcher 


Tune, Chairm an; Los 
Water & Power. 510 E. 2nd St., 
Los Angeles 54, Cal. 

T-6]-4 Cost Evaluation 

W. J. Frith, 
ing Corp., P. O 
ton, Cal. 

T-6R Protective Coatings Research 

J. H. Cogshall, Chairman; Pennsalt 
Chemicals Corp., Corrosion Engi- 
neering Products De pt., Natrona, 


Pa, 


Chairman; Service Coat- 
. Box 524, Wilming- 


: T adie rit) | ene eit) 
: Committee - 


C. L. Mercer, Chairman; 
ern Bell Tel. Co., P. 
Westfield, Texas 

Paul C. Hoy, Vice Chairman; Dayton 
Power & Light Co., 25 North Main 
St., Dayton, Ohio 


Southwest- 
O. Box 58, 


T-7A Northeast Region Corrosion 
Coordinating Committee 

C, A. Erickson, Chairman; Peoples 
Natural Gas Co., Two Gateway 
Center, Pittsburgh 22, Pa. 

New Jersey Committee on Corrosion 

R. J. Bishop, Chairman, Public Service 
Electric & Gas Co. of N. J., 80 Park 
Place, Newark, N. J. 

C. W. Beggs, Vice Chairman; 
Service Electric _ Gas Co., 
Place, Newark, 

E. T. Pearson, te cretary; Public 
Service Electric & Gas Co., 200 
Boyden Ave., Maplewood, N. J. 

Greater Nex York Committee on 
Corrosion 

W. E. Ripley, Chairman; New York 
Central Railroad, 466 Lexington 
Ave., New York, N. 


F.. E. Rubee Vice Chatiaaiits Con- 
solidated Edison Co. of N. Y., Inc., 
4 Irving Place, New York 3, N. Y. 

J. Richard Recame, Secretary; New 
York Telephone Co., 199-06 93rd 
Ave., 3rd Floor, Hollis 23, N. Y. 

Western New York State Corrosion 
Committee 

A. Fini, Chairman; 
Power Corp., 93 Dewey Ave., 
falo 14, N. 

R. M. Keller, 
Pipeline Co. 

P 


delphia, Pa. 
J. V. Adkin, Secretary; 
Electric Corp., 89 
Rochester 4, N. Y. 


Southern W. Virginia Corrosion 
Cc coordinating Committee 

K. R. Gosnell, Chairman; Develop- 
ment Dept., Union Carbide Chemi- 
- Co., South Charleston, W. Va. 
. F. Sweeney, Vice Chairman; Chesa- 
peake & Potomac Tel. Co. of W. Va., 
816 Lee St., Charleston 5, W. Va 

James A. Parker, Secretary; 
Fuel Gas Co., P. O. Box 
Charleston 25, W. Va. 

Greater Boston Electrolysis Committee 

J. J. Molloy, Chairman; Cambridge 
Electric Light Co., 46 Blackstone 
st., Cambridge 39, Mass. 

H. L. Pratt, Vice ens New 
England Electric System, Gas Div., 
157 Pleasant St., Malden, Mass. 

Louis R. Delaplace. Secretary; Boston 
Edison Co., 1165 Massachusetts 
Ave., Dorchester 25, Mass. 


Western Pennsylvania Corrosion 
Committee 

John B. Vrable, Chairman; New York 
State Natural Gas Corp., Two Gate- 
way Center, Pittsburgh 22, Pa. 

G. C. Picht, Jr., Vice Chairman; 
American Tel. & Tel. Co., 429 
Fourth Ave., Pittsburgh 19, Pa. 

F. E. Costanzo, Secretary; Manufac- 
turers Light & Heat Co., 253 Ryan 
Drive, Pittsburgh 19, Pa. 

Pittsburgh Corrosion Committee 

C. M. Rutter, Jr.. 
table Gas Co., 420 Blvd. 
Pittsburgh 19, Pa. 

D. W. Kissinger, Vice Chairman; 
Duquesne Light Co., 1241 Reedsdale 
Street, Pittsburgh 33, Pa. 

E. W. Steel, Secretary; Bell Telephone 
Co., of Pa., 201 Stanwix St., 3rd 
Floor, Pittsburgh 22, Pa. 

T-7B North Central Region Corrosion 
Coordinating Committee 

Paul C, Hoy, 
Power & Light Co., 
Dayton, Ohio 

J. O. Mandley, 
igan Consolidated Gas Co. 
ford, Detroit 26, Mich. 

Chicago Region Committee on Under- 
ground Corrosion 

C. N. Crowe, Chairman; Standard Oil 
Co. (Ind.), Box 5910-A, Chicago 80 
Til. 


Public 
80 Park 


Niagara Mohawk 
Buf- 


Atlantic 
Phila- 


Vi ice Chairman; 
5368 Magnolia, 


Rochester Gas 
East Ave., 


U nina 
1273, 


Chairman; Equi- 
of Alles, 


Chairman; Dayton 
25 N. Main St., 


Vice Chairman; Mich- 
, 415 Clif- 


4956 


Vice Chairman; 
Skokie, Ill. 
Secretary; 20 North 
Room 720, Chicago 6, 


H. E. Kroon, 
Dobson St., 


R. J. Havel, 
Wacker Dr., 
Til. 
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Columbus and Central Ohio 
Committee on Corrosion 


I. E. Davis, Chairman; Ohio Fuel Gas 
Co., 99 North Front St., Columbus, 
Ohio 

W. C. Burns, Vice Chairman; Ohio 
Bell Telephone Co., 111 North Front 
St., Columbus, Ohio 

J. H. Fitzgerald, Secretary; Columbia 
Gas System, 1600 Dublin Road, Co- 
lumbus, Ohio 


Toledo and Northwestern Ohio Com- 


mittee on Corrosion 


O. V. Henrion, Chairman; Ohio Bell 
Telephone Co., 121 Huron St., To- 
ledo 4, Ohio 

J. D. Griffin, Vice Chairman; Ohio 
Fuel Gas Co., District Dept., 333 
South Erie St., Toledo 4, Ohio. 

I. H. Heitkamp, Secretary; Toledo 
Edson Co., 420 Madison Ave., To- 
ledo 4, Ohio 


Detroit Committee on Electrolysis 


C. Chapin, Chairman; Dept. of Water 
Supply, 701 Water Board Bldg., 
Detroit 26, Mich. 

P. Hough, Vice Chairman; Michigan 
Bell Telephone Co., 3800 Cadillac 
Tower, Detroit 26, Mich. 

E. E. Westerhof, Secretary-Treasurer; 
Consumers Power Co., 212 W. Mich- 
igan Ave., Jackson, Mich. 


Joint Electrolysis Committee of Vari- 
ous Utility Companies of Chicago 
R. I. Perry, Chairman; Common- 
wealth Edison Co., 72 W. Adams 

St., Rm. 818, Chicago 90, Il. 

H. C. Boone, Secretary; —— Gas, 
Light & Coke Co., 122 S. Michigan 
Ave., Rm. 1732, Chicago 3, Ill. 

T-7C Southeast Region Corrosion Co- 
ordinating Committee 

E. W. Seay, Jr., Chairman; The Ches- 
apeak & Potomac Tel. Co. of Va., 
5550 Lynn Street, Norfolk 13, Va. 


The Louisville (Ky.) Joint Electrolysis 
Committee 


Stuart H. Gates, Chairman; Southern 
Bell Tel. & Tel. Co., 534 Armory 
Place, Rm. 505, Box 538, Louis- 
ville, Ky. 

John L. Gray, Vice Chairman; Louis- 
ville Gas & Electric Co., Louis- 


South Florida Corrosion Control 
Committee 

J. B. Prime, Jr., Chairman; Florida 
Power & Light Co., P. O. Box 3100, 
Miami 30, Fla. 

J. S. Frink, Vice Chairman; 
Leonardo, Coral Gables, Fla. 

C. H. A. Montague, Secretary: 
Peoples Gas System, 564 N. E. 125 
St., North Miami 61, Fla. 

Tidewater Corrosion Committee 

E. W. Seay, Jr., Chairman; The Ches- 
apeak & Potomac Tel. Co. of Va., 
5550 Lynn Street, Norfolk 13, Va. 

J. W. Berryman, Jr., Secretary; 3463 
Fletcher Drive, Norfolk 13, Va. 

T-7D South Central Region Corrosion 
Coordinating Committee 

C. L. Mercer, Chairman; Southwest- 
ern Bell Tel. Co., Box 58, Westfield, 
Texas 

C. L. Woody, Vice Chairman; United 
Gas Corporation, Box 2628, Hous- 
ton, Texas 

Houston Corrosion Coordinating Com- 
mittee 

C. L. Mercer, Chairman; Southwest- 
ern Bell Telephone Co., Box 58, 
Westfield, Texas 


San Antonio Area Corrosion 
Committee 

Carl M. Thorn, Vice Chairman; 
Southwestern Bell Tel. Co., P. 
Box 2540, San Antonio 6, Texas 

Denver Metro Committee on Corrosion 

H. L. Goodrich, Chairman; American 
Tel. & Tel. Co., 810 4th St., Denver 
2, Colo. 

F. F. Hassoldt, Vice Chairman; Den- 
ver Board of Water Commissioners, 
144 West Colfax Ave., Denver, Colo. 

H. A. Emery, Secretary; Public Service 
Co. of Colo., Gas Engineering Dept., 
Box 840, Denver 1, Colo. 

T-7E Western Region Corrosion Co- 
ordinating Committee 

I. C, Dietze, Chairman; L. A. Dept. 
of Water & Power, Box 3669, 
Terminal Annex, Los Angeles 54, 
Cal. 

W. G. Collins, Vice Chairman; Pacific 
Tel. & Tel. Co., 760 Market St., 
Rm. 1136, San Francisco 2, Cal. 

Central California Cathodic Protection 
Committee 

J. A. Bessom, Chairman; Richfield Oil 


6220 


T. J. Helms, Secretary; Superior Oil 
Co., Box 1031, Bakersfield, Cal. 

San Diego County Underground Cor- 
rosion Committee 

Ray Ditto, Chairman; California 
Water & Telephone Co., 386 Third 
Avenue, Chula Vista, Cal. 

R. E. Hall, Vice Chairman; Union Oil 
Co., Research Center, Brea, Cal. 

F. O. Waters, Secretary; 6326 Monte- 
zuma Road, San Diego 15, Cal. 

Electrolysis Committee of Southern 
California 

I. C. Dietze, Chairman; L. A. Dept. 
of Water & Power, Box 3669, 
Terminal Annex, Los Angeles 54, 
Cal. 

F. F. Knapp, Secretary; 308 Beaumont 
Drive, Vista, Cal. 

The Joint Committee for the Protec- 
tion of Underground Structures in 
the East Bay Cities 

L. B. Hertzberg, Chairman; East Bay 
Municipal Utility District, 2127 Ade- 
line St., Oakland, Cal. 

W. G. Collins, Vice Chairman; Pa- 
cific Tel. & Tel. Co., 760 Market 
St., Rm. 1136, San Francisco 2, 
cal, 

C. K. Notley, Secretary- Treasurer; 
1132 Walnut St., Berkeley 7, Cal. 

The San Francisco Committee on 
Corrosion 

A. J. Badura, Chairman; Western 
Union Tel. Co., 125 - 12th St., Oak- 
land, Cal. 

G. C. Hughes, Secretary; Pacific Tel. 
& Tel. Co., No. 1 McCoppin St., 
San Francisco, Cal. 

T-7F Canadian Region Corrosion Co- 
ordinating Committee 

C. L. Roach, Chairman; Bell Tele- 
phone of Canada, Room 1425, 1050 
Beaver Hall Hill, Montreal, Quebec, 
Canada 

Peter Dunkin, Vice Chairman; Union 
Gas Co. of Canada, Ltd., 48 Fifth 
St., Chatham, Ontario, Canada 

Southern Ontario Committee on Elec- 
trolysis 

L. F. Heverly, Chairman; Trans- 
Canada Pipe Lines Ltd., 150 
Eglinton Ave. East, Toronto 12, 
Ontario, Canada 


R. C. Campbell, Secretary: pp; 
Gas Ltd., 360 Strathereaie 
North, Hamilton, Ontario, Canads 


eu LY rio 
pet 


Cecil Phillips, Jr., Chairman; H 
Oil & Refining Co. Humble Tet 
sion, 1506 East Texas Ave., Baytown, 
Texas ; 

R. D. Merrick, Vice Chairman; Esso 
Research & Engineering Co., Box 
209, Madison, N. J. 

F. B. Hamel, Secretary; Standard Oj! 
Co. of Ohio, Midland Bldg., Cleve. 
land, Ohio 

T-8A Chemical Cleaning 

K. R. Walston, Chairman; Standard 
Oil Co. (Ind.), 2400 New York 
Ave., Whiting, Ind. 

C, M. Loucks, Vice Chairman; Ma- 
terials & Methods, Inc., 23800 Cen- 
ter Ridge Road, Westlake, Ohio 

R. L. Hildebrand, Secretary; Sinclair 
Refining Co., 400 East Sibley Blvd., 
Harvey, Iil. 

T-8B Refinery Industry Corrosion, 
Los Angeles Area 

E. B. Marquand, Vice Chairman; 
Aluminum Co, of America, 1145 
Wilshire Blvd., Los Angeles 17, Cal, 

C. M. Cooper, Secretary; Standard 
Oil Co. of Cal., El Segundo Refin- 
ery, El Segundo, Cal. 


A. P. Richards, Chairman; Clapp 
Laboratories, Washington St., Dux- 
bury, Massachusetts 

T-9A Biological 

Charles E. Lane, Chairman; Marine 
Laboratory, University of Miami, 
Coral Gables 34, Fla. 

T-9B Preservatives and Their 
Appraisal : i 

Harry Hochman, Chairman; 23632 


Walter Zell, Secretary; Louisville Gas 


ville, Ky. 


& Electric Co., Louisville, Ky. 


Corp., Box 147, Bakersfield, Cal. 
C. E. Titus, Vice Chairman; Shell Oil 
Co., Box 329, Tracy, Cal. 


Products Pipe 


Canada 


D. W. Lemon, Vice Chairman; Sarnia 
i Imperial Oil 
Ltd., Box 380, Waterdown, Ontario, V. 


Line, 


Collins St., Woodland Hills, Cal. 


B. Volkening, Vice Chairman; 
Route 1, Freeport, Texas 


TECHNICAL ARTICLES SCHEDULED FOR PUBLICATION 


November Issue 


Corrosion of Tube Materials by Boiler 
Sludge, by E. Howells, T. A. McNary and 
D. E. White 


Corrosion Problems in the Use of Salt Solu- 
tions as Packer Fluids, by C. M. Hudgins, 
W. D. Greathouse and J. E. Landers 

Some Factors Governing Corrosion Testing 
of Zircaloy Base Fuel Alloys, by Stanley 
Kass and R. F. Gessner 

Selective Corrosion of Inconel, by F. Kern 
and R. Bakish 

Stress Corrosion Cracking of High Strength 
Tubular Goods, by R. S. Ladley 

Stress Corrosion Cracking in Concentrated 
Sodium Nitrate Solutions, by R. L. Mc- 
Glasson, W. D. Greathouse and C. M. 
Hudgins 

High Temperature Furnace Corrosion, by 
R. D. Merrick 

Cracking of Low Carbon Steel by Ferric 
Chloride Solutions, by Mary Boehm 
Strauss and M. C. Bloom 

Things New or Unusual in Mitigation of 
Corrosion in the Utilities Field, by E. H. 
Thalmann 


Metais for Combatting Corrosion in the 
Process Industry, by F. L. Whitney, Jr. 


December Issue 

Effect of Various Curing Agents on Chemi- 
cal Resistance of Epoxy Resins, by 
Ronald L. DeHoff 

Internal Carburization and Oxidation of 
Nickel-Chromium Alloys in Carbon Mon- 
oxide, by B. E. Hopkinson and H. R. 
Copson 

Ship Coating of Structural Steel, by John 
D. Keane 

Impressed Current Anodes for Cathodic 
Protection, by Walter P. Noser 

High Temperature Corrosion in Refinery 
and Petrochemical Service, by E. N. 
Skinner, J. F. Mason and J. J. Moran 

Inhibition of the Corrosion of Commercial 
Aluminum Alkaline Solutions, by J. 
Sundarajan and T. L. Rama Char 


January Issue 

Effect of Sodium Exposure on Mechanical 
Properties of Zirconium, by Jack C. 
Bokros 

Accelerated Test Procedure for Evaluation 
of Fiber Reinforced Resin Equipment in 
the Chemical Industry, by Robert A. Cass 


and Otto H. Fenner Corrosion Studies of 
Aluminum in Chemical Process Operation, 
by E. H. Cook, R. L. Horst and W. W. 
Binger 

Corrosion Resistance of Dense, Impermeable 
Silicon Carbide, by Roy Dial and G. E. 
Mangsen 

Design for Prevention of Pipe Corrosion 
Based on Survey of Ground Potential 
Distribution of the Planned Route, by 
Shigeo Fukata 

Characteristics of Asphalt Mastic Coatings, 
by Lyle R. Sheppard 

Corrosion-Erosion of Sensitized AISI Type 
304 Stainless Steel in a Thorium Dioxide- 
Uranium Trioxide Slurry, by Donald C. 
Vreeland 

Symposium on Methods and Experiences in 
Underground Cathodic Protection 
(1) Methods and Experiences of the 
Ohio Bell Telephone Company in Cleve- 
land with Cathodic Protection of Under- 
ground Cables, by Oliver Henderson 
(2) Methods and Experiences in Under- 
ground Protection, by P. P. Skule 
(3) Methods and Experiences in Under- 
ground Cathodic Protection, by L. H. 
West 
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Duriron 


impressed current 


Anodes 


provide more positive 
cathodic protection for 


all types of structures 


Duriron performs as well as graphite in all 
the easy services, and far outperforms 
graphite when the going gets tough in 
marshlands, at river crossings, or wherever 
it is impractical to use backfill. 


Durco high silicon cast irons are resist- 
ant to sea, brackish and fresh waters as 
well as all soil environments. 


Duriron Anodes have unexcelled corrosion 
resistance, good electrical properties, and 
they are easy to install. For real protec- 
tion, get Duriron. Write for Bulletin DA/6. 


STANDARD DURIRON ANODE SIZES 


Type Area Weight General 
Anode Size Sq. Ft. (Lbs.) Application 


1” x 60” 1.4 14 Fresh Water | 


B 
Ct 1%"x60" 20 25 Ground Bed 
lo "x60" 26 46 Ground Bed 
— 3”x60" 40 115 Salt Water 
G exe” || os |lltCtStCd Ducts 
[as | weer 25 80 Salt Water — 


M ”% 60” 2.8 57. _— Salt Water. 


Applicable also in fresh water service. Should 
not be used in ground beds without backfill. 


DURIRON COMPANY, INC. 
DAYTON, OHIO 





Erase Your Pipeline Protection 
Problems with this Four-Point 
PITT CHEM Enamel Program! 


COMPLETE QUALITY CONTROL 


As a basic producer, Pittsburgh maintains rigid quality control 
standards at every step of enamel production, from coal to finished 
coating—your guarantee of consistently superior quality. Today, 
Pitt Chem Pipeline Enamels protect thousands of miles of gas and 
petroleum product transmission and distribution lines from coast 
to coast! 


WRITTEN SPECIFICATIONS 


Published to assure you uniform top quality and performance from 
every drum of Pitt Chem Pipeline Enamels—in application and in 
service. 


EXPERIENCED SALES SERVICE 


Pitt Chem sales representatives are experienced coating men. They 
talk your language, will help you plan the many requirements of 
your coating job. 


TECHNICAL FIELD SERVICE 


Pittsburgh maintains a full time staff of field service men to work 
with your field men in the efficient, economical application of coat- 
ings. Write us about your protection requirements! 
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